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SUPREME COURT OF THE UNITED STATES. 3 
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No. 1047. 


THE MOLECULAR TELEPHONE COMPANY, GEORGE BELL, 
SAMUEL H. BARTLETT, HENRY E. WAITE, AND JOHN 
I. WATERBURY, APPELLANTS, 
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THE AMERICAN BELL TELEPHONE COMPANY AND THE 
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Direct continued 
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Exhibit Bell—Gray Correspondence .... ...... -.. sila 
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a Drawing Hand Telephone · (No. 
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counsel for Edison............ 1857 1839 
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No. 3.... 1888 1861 ? 
No. 4.... 1885 1862 
No. 5. 1887 1864 
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Clarance J. -Blake—Direct ._.. —— 1888 1873 5 


Complainant’s Exhibit No. 30— 
Dr. C. J. Blake’s Drawings.... 1899 1874 - 


Cross — 1902 1877 
Edward L. Wilson — Direct. 1918 1890 
8 . — 1 ee 
(Second.) Dep'n of Chas. R. Cross Direet — 192 1895 
Drawing, Exhibit 58— Membrane 
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one-half size—Drawing ...... 1925 1896 
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size _.. eae = — 1926 1898 
Drawing, Exhibit 56é— Membrane 
Telephone Transmitter 1980 1901 
Drawings, Nos. 51 and 52—Bell’s 
Second Telephone of 1875.... 1981 1902 
Drawings, Nos. 49 and 50—Bell’s 
° . First Telephone, 1875........ 1984 1904 


Drawings, Exhibit 56—Mem- 
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No. 26—Bell’s Toronto Drawing 
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No. 236—Bell’s Single Pole Centennial Membrane 


e- 22 2 2 ©C@oeee — 


ragm 
No. 34—Extract Bell's Preliminary Statement in 
Harmonic Interference, ee. 
Fr 


No. — — No. 2— Transmitter 
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No. 9 0 3 
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No. II 


No. III 
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1 1 — ů ů — — 

Bell’s Preliminary Statement in the Speaking 

Telephone Interferences .... .... .... .... 
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Reis’s Article on Telephony by means of the 
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The President of the United Statesof America to the Molecu- 

lar Telephone Company, George Bell, Frederick C. Bartlett, 
IL 4] Gilbert T. Sewell, Henry E. Waite, Samuel H. Bartlett, John 
I. Waterbury, Charles F. Livermore, and James O. Sheldon, 
Greeting: 


You are hereby commanded that you, and each of you, personally 
appear befure the judges of the circuit court of the United States of 
America for the southern district of New York, in the second circuit 
court, in equity, on the first Monday of August, A. D. 1883, wherever 
the said court shall then be, to answer a bill of complaint exhibited 
against you in the said court by the American Bell Telephone Com- 
pany and Metropolitan Telephone and Telegraph Company, and do 
further and receive what the said court shall have considered in 
that behalf. And this you are not to omit under the penalty on 
you, and each of you, of two hundred and fifty dollars. 

Witness Honorable Morrison R. Waite, Chief Justice of the Su- 
preme Court of the United States, at the city of New York, on the 
seventeenth day of July in the year one thousand eight hundred 
and eighty-three, and of the Independence of the United States of 
America the one hundred and eighth. 


TIMOTHY GRIFFITH, Clerk. 


DICKERSON & DICKERSON, __. 
Comp?ts’ Complainants’ S rs. 


The defendants are required to enter appearance in the above 
cause in the clerk’s office of this court on or before the first Monday 


of August, 1883, or the bill will be- taken pro confesso against them. 


T. G., Clerk. 
2 (Supeena endorsed.) 
Unirep STates or AMERICA, \ as ; 
District of New Fork, 


William T. Smith, being duly sworn, deposes and says that he 
served the within writ upon the within-named defendants as fol- 
lows: The Molecular Telephone Company, upon George Bell, treas- 
urer thereof, and George Bell, at 68 South St., New York city: 
Henry E. Waite and Samuel H. Bartlett, at 204 E. 23d St., in said 
city, and John I. Waterbury, at No. 52 Broadway, New York city ; 


all on the 17th day of July, A. D. 1883, by exhibiting to them, and 


2 


each of them, the within original, and at the same time leaving with 
them, and each of them, a copy thereof. 
(Sg d) WM. T. SMITH, 


Subscribed and sworn to before me this 18th day of July, 1883. 
(S’g’d) EDSON C. MARSHALL, 
3 Notary Public, N. F. Co. 


I certify that the within writ was served upon the within-named 

defendants, The Molecular Telephone Company. George Bell, Henry 

C. Waite, Samuel H. Bartlett, and John I. Waterbury, at the 

3 time and in the manner stated in the above affidavit of Wil- 
liam T. Smith. 


Dated New York, July 18, 1883. 
Sg d) 


JOEL B. ERHARDT, 
U. S. Marshal, So. Dist. of New York. 


(File mark:) U. S. circuit court. Filed July 18,1883. Timothy 
Griffith, clerk. 


U. S. Mansnal's Orricx, New York, July 17, 1883. 


I hereby depute Wm. T. Smith to serve the within writ. 
(Sg d) JOEL B. ERHARDT, 
U. S. Marshal. 


Circuit Gourt of the United States, 


IN EQUITY. 


AMERICAN Bett TELEPHONE COMPANY ET AL. 
v. 
Tm MoLtecuLarR TELEPHONE ComPanY ET ALS. 


BILL OF COMPLAINT. 


Dur ur 17, 1883.) 


To the Honorable the Justices of the Circuit Court of the United 
States for the Southern District of New York: - 


The American Bell Telephone Company, a corporation duly 
established under the laws of the Commonwealth of Massachusetts, 
and the Metropolitan Telephone and Telegraph Company, a corpora- 
tion duly established under the laws of the State of New York, 
bring this their bill of complaint against The Molecular Telephone 
Company, a corporation duly organized under the laws of the State 
of New York, and George Bell, Frederick C. Bartlett, Gilbert J. 
Sewall, Henry E. Waite, Samuel H. Bartlett, John I. Waterbury, 
Charles F. Livermore and James O. Sheldon, all of the oe 


county and State of New York, judicial district aforesaid. 


And thereupon your orators complain and say, — 
1. That before the seventh day of March, 1876, Alexander 


Graham Bell, then of Salem, in said Commonwealth, being the 
original and first iuventor of a new and useful improvement in teleg- 
raphy, which was never known or used before his invention thereof, 
and which had not at the time of his application been in public use 
or on sale for more than two years, made application according to 
law for Letters Patent of the United States to be granted to him 


ii : BILL OF COMPLAINT. 


therefor; upon which application, due proceedings being had in all 
respects, said Letters Patent were on the seventh day of March, 
1876, granted, issued and delivered to said Alexander Graham Bell, 
sigued by the Secretary of the Interior and countersigned by the 
Commissioner of Patents, and numbered 174,465, whereby there 
was secured to said Alexander Graham Bell, his heirs, adminis- 
trators and assigns, for the term of seventeen years from the said 
seventh day of March, 1876, the full and exclusive right and liberty 
of making, constructing, using, and vending to others to be used, 
the said improvement, a description whereof is given in the words 
of the caid Bell in the echedule annexed to said patent, and forming 
a part thereof, as by said patent, numbered 174,465, or a copy there- 
of, here in court to be produced, will fully appear. 

2. Before the thirtieth day of January, 1877, the said Alexander 
Graham Bell, being the original and first inventor of another new 
and useful improvement in electric telegraphy, which was never 
known or used before his invention thereof, and which had not at 
the time of his application been in public use or on sale fur more 
than two years, made application according to law for Letters Patent 
of the United States to be grauted to him therefor; upon which 
application due proceedings being had in all respects, said Letters 
Patent were on eaid thirtieth day of January, 1877, granted, issued 
and delivered unto said Bell, signed by the Secretary of the Interior, 
and countersigned by the Commissioner of Patents, and numbered 
186,787, whereby there was secured to said Bell, his heirs, admin- 
istrators and assigns, for the term of seventeen years from the’ said 
thirtieth day of January, 1877, the full and exclusive right and 
liberty of making, constructing, using, and vending to others to be 
used, the said improvement, the description whereof is given in the 
words of said Bell in the schedule annexed to said last-named patent, 
and forming a part thereof, as by said patent, numbered 186,787, or 
a copy thereof, here in court to be produced, will fully appear. 

3. Said Alexander Graham Bell assigned said Letters Patent, 
numbered respectively 174,465 and 186, 787, to Gardiner G. Hub- 
bard, trustee, by deed of assignment dated July 9, 1877, and re- 
corded at the Patent Office July 28, 1877, Liber N, page 399, 
of Transfers of Patents; that said Gardiner G. Hubbard, trustee, 
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assigned said Letters Patent, numbered respectively 174,465 and 
186,787, to the Bell Telephone Company, by assignment dated July 
20, 1878, and recorded at the Patent Office, October 3, 1878, Liber 
Y™, page 460, of Transfers of Patents. 

4. Said Bell Telephone Company has granted the same to your 
orator, the American Bell Telephone Cumpany, by an instrument, in 
‘writing dated June 22, 1880, and recorded at the Patent Office 
June 24, 1880, Liber I*, page 282, of Transfers of Patents. 

5. The sole right to manufacture electric speaking telephones 
under said patents thereby became and still is vested in the s:id 
American Bell Telephone Company ; that the only right granted to 
or possessed by any persons other than the said American Bell Tele- 
phone Company under said patents has been and is the right to use 
telephones procured from said American Bell Telephone Company 
and its predecessors, upon payment of stated royaltivs under said 
two patents to the said American Bell T. lephone Company. 

That by license under said American Bell Telephone Company, 
the Metropulitan Telephone and Telegraph Company, a corporation 
organized under the laws of the State of New Tork, has acquired 
the sole and exclusive right to use telephones within a teriitory 
which includes all the States of New York and New Jersey within 
thirty-three miles of New York City Hall, and all of Monmouth 
County, New Jersey, and all of Long Island, and is now engaged 
in the business of supplying electric speaking telephones, and erect- 
ing telephone lines in said territory, which telephones it receives 
from said American Bell Telephone. Company, and for the use of 
which it pays a yearly license fee and royalty to said American Bell 
Telephone Company, and receives a yearly license fee and royalty 
from its sublicensees. 

6. Electric speaking telephonés had never been publicly known 
or used before the grant of said patent, and were first publicly made | 
known and first introduced into public use by said Bell and his 
licensees under said Bell patent, and but for the unlawful acts of the 
defendant hereinafter complained of your orators would be in the 
full and exclusive enjoyment of said righte. 

7. Tour orators further show, that after the grant of said Letters 
Patent the inventious therein described and claimed, or substaatial 
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and material parts of the same, embodied in instruments known as 
Bell telephones, and in instruments known as Blake transmitters, 
were, before July, 1877, and January, 1879, reepectively, introduced 
into general public use by the said Bell; the said Hubbard, trustee ; 
the said Bell Telephone Company ; and your orator, the American 
Bell Telephone Company. That many thousands. of persons have 
put the said inventions into daily use under the authority and license 
of the said Hubbard and your said orator, and its predecessors, and 
those holding rights or licenses under them, and have paid for such 
use of said inventions the amount fixed by the owners of said patents 
as a reasonable compensation therefor, such payments amounting in 
the aggregate to many thousands of dollars. That telephone exchanges 
now exist in more than eight hundred towns and cities of the United 
States, and in every State thereof, and exist in substantially every 
city of the United States having more than 10,000 inhabitants, and 
in many smaller places; and all said exchanges use telephones 
licensed by your orator, the American Bell Telephone Company, 
and its predecessors, as owners of said Bell patents, and pay royalty 
therefur to your said orator. That the fact that said Bell was the 
original and first inventor of said inventions, and that the patents 
above named are good and valid patents, has been generally recog- 
nized and acknowledged by those who have used the inventions and 
the public generally, in all parts of the United States, and the claims 
of the said Bell, Hubbard and your orator and its said predecessors 
to the exclusive right to the said inventions under said patents have 
been generally acknowledged and acquiesced in. That from time to 
time several persons have attempted to make, sell and use telephones, 
or parts thereof, embracing said inventions, but that in such cases 
said Hubbard while owner of, and your orator, and its said pred - 
ecessors, since they have owned said patente, have immediately, 
upon hearing of such acts or attempts, notified such parties to desist 
therefrom, and that such parties have generally, upon receiving such 
notices, complied therewith, and acquiesced in and recognized as 
valid the claims of eaid Hubbard and your orator under said patents; 
and said Bell, said Hubbard and your orator have always as«erted 
and maintained, and but for the wrongful acts of the defendants, 
would and have hitherto almost universally enjoyed the sole and 
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exclusive right to practices said inventions; that they have not acqui- 
esced in any infringement of their exclusive rights; that no persons 
or parties except your orator, the American Bell Telephone Com- 
pany and its licensees, are now openly engaged in the manufacture ur 
use of electric speaking telephones, save and excepting the defend- 
ants and possibly a few small infringers whom your orator is about 
to proceed against; and that the said exclusive rights of your orator 
are of great value to it. 

8. There are now in use more than 275,000 electric speaking 
telephones licensed. by and paying royalty to your orator, the Amer- 
ican Bell Telephone Company; that the owners of said Bell patents, 
and those who now are or heretofore have been licensed by them 
have devoted great time and attention and large sums of money to 
the development of the telephone and the introduction thereof into 
extensive use, and to the proper construction of the most suitable 
telephone lines and systems and telephonic appliances, and have 
constructed many thousand miles of telephone lines for use with 
telephones owned by your orator, the American Bell Telephone. 
Company, and licensed by it for such use, and that nothing which 
the defendants, or either of them have done, has contributed in any 
substantial way to the development of the telephone, or the intro- 
duction thereof into use. 

9. From time to time sundry persons have undertaken to mane- 
facture and use electric speaking telephones, and to infringe the said 


patents; that the owners of said patents have required them to stop, 


and for the most part they have, upon being so notified, desisted 
from such infringement; that your orator, the American Bell Tele- 
phone Company, and its predecessurs, owners of said Bell patents, 
have brought suit in the courts of the United States, and obtained 
injunctions and decrees against such infringers; and among the 
suits so . witel Gave cenies in injunctions or decrees 

are the following: 

10. The said exclusive rights of said Bell, and your orator, the 
American Bell Telephone Company, and its predecessors, as his 
assigns and grantees, have never been openly or publicly violated, 
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by the Western Union Telegraph Company, and by the Gold and 
Stock Telegraph Company, and by the American Speaking Tele- 
phone Company, said three corporations having associated them- 
selves together fur that purpose; that said Bell Telephone Company 
brought its bill in equity in the Circuit Court of the United States 
for the District of Massachusetts, against Peter A. Dowd, an agent 
of said associated companies, engaged in the business of using their 
infringing telephones, and in said suit complained of the defendant 
that he had infringed the fifth claim of said patent 174,465; and 
also complained that he had infringed the third, sixth, seventh and 
eighth claims of said patent 186, 787; the said associated corpora- 
ions assumed the defence of said suit, and employed in said defence 
their counsel and experts learned in the law and skilled in the art; 
in said suit evidence was taken and completed by the complainants in 
chief, and by the defendant in defence, and by the complainants in 
reply; and thereupon, upon consideration of said proof, and the 
opinions of their professional advisers, the defendant and said cor- 
purations became satisfied that said Bell was the true, original aud 
first inventor of the electric speaking telephone, and the inventions 
covered by said patents; whereupon they submitted to the said. 
claims uf the complainants, and agreed to desist from further in- 
fringements, and have since desisted frum further infringements, and 
placed and caused to be placed all telephones within their power or 
control under license under said Bell patents, and paid, or caused to 
be paid, the usual aud cust mary yearly royalties therefor habitu- 
ally charged by the assigns of said Bell to other parties for like 
uses, and agreed that they would not thereafter make electric speaking 
telephones, and would not thereafter use electric speaking telephones, 
except such as should be made and furnished to them by your ora- 
tor or the assigns of said Bell, and under license under said Bell 
-patents, and that for the use of the same they should pay not less 
than the usual and accustomed royalties from time to time charged 
to others by your orator, and in accordance with the said advice of 
counsel of said telegraph companies a final decree was thereafter 
made and entered in said suit for the complainants, with the consent 
of the defendant Dowd, and in and by said decree the said two Bell 
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patente were adjudged and declared to be valid patents, and the 
defendant was perpetually enjuined from infringing the same. 

11. In the year 1880 the People’s Telephone Company, a cor- 
poration organized under the laws of the State of New York, and 
Frank A. Klemm, Joseph Loch, Julius Bien, Marcus Marx, Au- 
guste H. Girard, John N. Goodwin, Ernest Marx, Edgar W. Chellis, 
Richard C. McCormick, Henry D. Cooke, Jr., Max L. Gutmann, 
Moritz Loth and Simon Wolf, did make, sell and use, and threaten 
to make, sell and use certain electric speaking telephones, some of 
which were known as the Klemm ” telephones, and some of which 
were known as the “Tisdel” telephones; that said defendants 
owned the alleged inventions of Frank A. Klemm and of Abner G. 
Tiodel, and of Daniel Drawbaugh, relating to electric speaking tele- 
phones; that thereupon your orator, the American Bell Telephone 
Company, and the Metropolitan Telephone and Telegraph Company, 
a licensee of said American Bell Telephone Cumpany. did, in the 
Circuit Court of the United States for the Southern District of New 
York, file a bill in equity against all of said parties, complaining 
that such acts doue and threatened infringed the rights secured to 
the said orators by the said two Bell patents, 174,465 and 186,787 ; 
and did also move for an injunction thereon pendente lite; said 
motion came on to be heard in said Court, before the Honorable 
Samuel Blatchford, Circuit Judge, on the nineteenth day of Novem- 
ber, 1880, on affidavits and pruofs filed by the respective parties, 
and was argued by counsel, to wit, Chauncey Smith and James J. 
Storrow, Esquires, for the complainants, and by George Harding, 
Exq., for the defendants ; upon consideration whereof tha Court did 
order an injunction as prayed fur, restraining the defendants from 
infringing the said two patents of your orator, numbered 174,465 
and 186,787 ; that such injunction issued accordingly on the twenty- 
secund day of November, 1880; and your orators refer to a copy of 
the record in said suit, to be produced, and pray that the same may 
be made part hereof. 

12. In the year 1880 the Eaton Telephone Company, and its 
associates, did infringe said patents in New York by making and 
selling an electric speaking telephone apparatus, cumposed of a 
maguetu-telephunic receiver of a form and style called by them the 
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Eaton Magneto Telephone, and of a microphone battery telephonic 
tiansmitter, with carbon contacts; and did infringe said Bell patents 
in Massachusetts by selling the same to others by their employé, 
Albert L. Spencer; whereupon your orator, the American Bell 
Telephone Company, brought suit against said Eaton Telephone 
Company and others in the United States Circuit Court in the city 
of New York, and against said Spencer in Boston, complaining that 
said defendants had thereby infringed claim 5 of patent 174,465, 


and claims 5, Gand 8, of patent 186,787 ; and said Eaton Telephone 


Company and their associates defended said two suits, and employed 
in that behalf counsel learned in the law and experte, whereupon a 
preliminary injunction was issued in both suits. Afterwards said 
suits were prepared for final hearing, and the defendants denied the 
validity of said patents, and denied that the use of a microphone 
telephonic transmitter, with carbon contacts, infringed said patents ; 
and in support of such denial, and of othcr allegations in their 
answer, they introduced evidence; and among other evidence they 
introduced the depositions of Elisha Gray and of William M. Guod- 
ridge, and of Henry Morton and of Edward S. Renwick; and the 
same evidence on both sides was introduced in ssid two suits. Said 
suit in Boston came on to be heard on final hearing before his Honor 
Judge Lowell, Circuit Judge at Boston, and was argued by counsel ; 
and was, on June 27, 1%81, decided by the Court in favor of the 
complainants; and in its said decision the Cuurt, among other 
things, expressly held and decided that all the said claims of said 
patents sued on were good and valid claime, and that sid patents 
were valid patents, and that the use of the kind of speaking tele- 
phone transmitter, commonly known as a microphone transmitter with 
carbon contacts, whereby the resistance of a battery circuit was 
varied by variations of pressure, due to vibrations imparted to one 
electrode by sound waves, infringed said fifth claim of the Bell 
patent 174,165. Your orators crave leave to refer to the record of 
said case and to the opinion of said Court therein pronounced, and 
that the same may be made and deemed to be part hereof. 

Also the following: 

13. A suit in the United States Circuit Court in Boston, brought 
in 1878 against Addison D. Hard, electrician, which resulted in a 
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preliminary injunction; afterwards the said defendant made and 
exposed for sale some parts of electric spesking telephones, to the 
end that the purchasers thereof should complete and use the same; 
whereupon, after hearing, he was adjudged guilty of contempt and 
ordered to pay a sum of money into court, which sum was afterwards 
ordered to be paid and was paid to the complainant, the Bell Tele- 
phone Company. Said suit has been terminated by a fiual decree 
for the complainants. : 

14. A suitin the same court against Jerome C. Redding, elec- 
trician, in 1878, which resulted in a preliminary injunction and a 
final decree for the complainants. 

15. A suit in 1878, in the United States Circuit Court in New 

York, against Jesse H. Bunnell, manafacturing electrician, who ap- 
peared by counsel, which resulted in an injunction and a final decree 
for the complainants. 
16. A suit in 1878 against Charles E. & W. H. Junes, in the 
United States Circuit Court in Cincinnati, wherein said defendants 
appeared by counsel; in which a final decree declaring the 
validity cf said patents and enjoining further infringement thereof 
was icsued against them. 

17. A suit in 1880 in the United States Circuit Court in New 

York, against Pearce & Jones, manufacturing elevtricians, in 
which said defendants appeared by counsel, but which resulted in a 
final decree declaring the validity of said patents and eujuining 
farther infringement thereof. 
18. Ait in 1880 in the same court, against J. L. Lazelle, a 
manufacturer of electrical apparatus, complaining that he infringed 
said patents by making and selling a form of magneto telephones, 
sometimes called “ Lazelle” telephones, and a form of microphone 
telephonic transmitters, sometimes called the “Little Gem” trans- 
mitters; and this suit resulted in a preliminary injunction and a 
final decree and perpetual injunction. 

19. A suit in 1881 in the United States Circuit Court in Chicago, 
against Edward E. Harbert and Harbert & Co., manufacturing 
electricians, in which said Harbert appeared in person and a bearing 
was had, nne San 
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20. A suit in 1881 in the same court against The Foster Mag- 
net Telephone Company,” Gay W. Foster and others, in which the 
defendants appeared by counsel, and which resulted in a preliminary 
injunction and a final «lecree establishing the validity of said patents 
and perpetually enjoining all farther infringement thereof. 

21. A suit in 1881 in the United States Circuit Court in New 
York, against Henry Thau, manufacturer of electrical apparatus, 
who appeared therein by attorney, and which resulted in a final 
decree and perpetual injunction. 

22. In 1881 a suit was brought on said two Bell patents in the 
Circuit Court for the Southern District of New York against one 
Albert Craney and others, who used at West Puint, on premises 
belonging to the Military Academy of the United States, a certain 
telephone apparatus known as the “Eocard Telephone,” which is 
substantially described in United States Letters Patent No. 214,029, 
granted to Adolph Eccard, April 8, 1879. The said defendants, by 
the pr curement and at the expense of said Eccard and his associates, 
who were also made defendants, appeared by their counsel, John 
H. Latrobe and Cau-ten Browne, Esqs., and filed an answer, 
and thereupon evidence was taken for complainants. 

The def -ndants failed to take evidence and guve up the contest, 
and upon the day of hearing the Court ordered a final decree against 
them, and thereupon a final decree * — injunction issued 
against them. 

23. In the year 1881, Amos E. Dolbear and others in fringed 
the said Bell patent No. 174,465, by the construction and use of a 
certain telephone apparatus, which consisted of a microphone 
tran<mitter and a condenser receiver. 

A hill in equity was thereupon filed against said infringers in the 
Circuit Court of the United States for the District of Massachusetts. 

A motion for preliminary injunction was made thercin, which was 
heard before Mr. Justice Gray and Judge Lowell, and the injunc- 
tion was by them ordered after a full and elaborate hearing, which 
was accompanied by an opinion, a copy of which the claimants will 
produce, and to which they crave leave to refer. 

24. In the year 1882 the People’s Telephone and Telegraph 
Company infringed the said two Bell patents by making speaking 
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telephones, and by causing them to be sold and used in the District 
of New Jersey by John J. Ghegan. Suit was brought against the 
said Ghegan, and motion for preliminary injunction was made there- 
in, and the same was defended, and affidavits taken and filed, and 
the cause was heard, George Harding, A. Q. Keasbey and H. D. 
Donnelly, Eeqs., appearing to contest the case for the defendants. 
And thereupon, after hearing, the Court made a decree and granted 
an injunction; afterwards said cause proceeded to final hearing, and 
the defendant and the said People’s Telephone and Telegraph Cum- 
pany gave up further defence, and a final decree and a perpetual 
injunction were ordered and issued against the defendants. 

The like proceedings were had and like final decree and perpetual 


injunction issued in the same court against Andrew Albright, a 


licensee of said People’s Telephone and Telegraph Company in said 
court. And thereafter in the Circuit Court of the United States for 
the Southern District of New York, the complainants brought their 
bill in equity against said People’s Telephone and Telegraph Com- 
pany, and upon motion the Court granted an injunction therein, 
ordering the said company to desist from further infringement of 
the said two Bell patents. 

25. All said injunctions and decrees still remain in fall force and 
effect, and all said named defendants have, so far as the complainants 
are informed, entirely ceased to use or sell electric speaking tele- 
phones. 

26. The apparatus used by the ahove-named defendants, The. 
People’s Telephone Company, The Eaton Telephone Company, and 
Spencer, Pearce & Jones, Laselle, Harbert, Thau, Amos E. Dolbear 
et al., Ghegan and the People’s Telephone and Telegraph Company, 
consisted of an electric speaking telephone apparatus, which em- 
ployed what is known as a microphone or carbon transmitter as the 
transmitter member, and which employed what is known as a mag 
neto telephone as the receiver member, except in the case of said 
Dolbear, who employed what is known as a condenser receiver for 
the receiving member. An apparatus consisting of a carbon trane- 
mitter and magneto receiver, as aforesaid, is substantially the appa- 
ratux employed by the defendants herein; and in and by the said 
decrees in said cases it was expressly decided and adjudged that a 
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speaking telephone apparatus which employed the said instruments 
infringed the claims of the said patents, although said instruments 
differed in their construction from that specifically shown in = 
drawings of the plaintiffs’ patent. 

And the complainants further show that the specific instruments 

used by the defendants in the said suits against The People’s Tele- 
phone Company, the Eaton Telephone Company, and Spencer, Dol- 
bear et al., Ghegan, and the People’s Telephone hud Telegraph 
Company, exhibit changes and differences from those specifically 
described in the Bell patent, which changes and differences were 
themselves the subject of patents, and some vee <a are 2 by 
the said respective defendants. 
27. And your orators show that the 8 made by your 
said orator and the infringing telephones of the defendants are small 
instruments and easily concealed and ‘easily used in private, and 
easily transferred from one person to another, so that it is generally 
extremely difficult for your orators to detect all instances of such 
use and extremely difficult to prove the use thereof by persons not 
licensed by your orators and the extent of such use, and would be 
extremely onerous and burdensome for your orators to bring separate 
suits against each user to restrain said infringing use; and so, if the 
defendants or either of them shall be allowed to continue to manu- 
facture and supply such instruments for use during the pendency of 
this suit, your orators will be wholly without adequate ey in 
the premises. 

28. Yet the defendants, well knowing the premises and the ex- 
clusive rights of your orators, as aforesaid, but coutriving to injare 
your orators and to deprive them of the benefit and advantage which 
might and otherwise would accrue to them from said inventions, 
without the license or consent of your orators, and in infringement 
of the said patents, have, as your orators are informed and believe, 
jointly made, sold and used telephones embracing the inventions 
secured to your orator in said Letters Patent, or substantial and ma- 
terial parts of them, and have used the several improvements secured 
to your orators by said patents, and are still using the said improve- 
ments at said city of New York and divers other places within said 
district, and have furnished electric speaking telephones made by 
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them to a considerable number of persons within this district, to ba 
connected up and used as electric speaking telephones for the trans- 
mission of articulate speech, by and according to the method secured 
to said Bell and to your orator by said patents, and still continue so 
to do; but precisely how long the defendants have made, sold and 
used the several improvements, and to what extent they have made, 
sold and used them, your orators, for want of a discovery thereof, do 
not know and cannot set forth, and they pray that the defendants 
may be compelled to set forth the same in their answer. 

29. Your orators have requested the said defendants to acknowl- 
edge their rights in the premises, and to desist and refrain frum the 
said acts, and from disregarding and infringing your .orators’ said 
rights, and to account with and pay to your orators whatis justly due 
to your orators by reason of said infringement. 

30. But now so it is, may it please your Honors, that the defend- 
ants wholly refuse so to do; but, on the contrary, continue aod 
threaten to continue said infringement of the rights of your vraturs 
aforesaid, and particularly threaten to make and put out other like 
instruments, and thereby cause irreparable injury to your orators‘ 
lawful business. All of which is contrary to equity and guod con- 
science. 

31. To the end, therefure, that the said defendants may, if they 
can, show you why your orators should not have the relief herein 
prayed, and may, upon their oaths, and according to their best and 
utmost knowledge, remembrance, information or belief, fall, true 
direct and perfect answer make to all and singular the matters here-. 
inbefore stated and charged, as fully and particularly as if the same 
were here repeated, and they especially interrogated as to each and 
every of said matters, and more especially may answer, discover 
and set forth, whether during any and what period of time, and 
whether at said New York or elsewhere, and when and where they 
used said improvements, or either of them; and whether they man- 
ufactured or sold any electric speaking telephones or apparatus to 
transmit speech by electricity, or the various parts of such tele- 
phones, and how many they have made or sold, and to whom they 
have sold the same, and how the said telephones, and the several 
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parts of the same are constructed and used; and particularly that 
the defendants, and each of them may, upon his conscience and ent- 
poral oath, answer the following interrogatories, and that, on the 
part of the corporation defendant, the same be answered by 
its president, or by its other chief executive officer and 

mansger:— ; ree 

1. State whether or not you, or either of your co-defendants 
within your knowledge, have made electric speaking telephones of 
any kind whatever, in and by which speech uttered by the transmit- 
ting operator in the presence of the transmitting instrument is thence 
transmitted by means of electricity, so that the same words spvken 
by him are heard by the listener to proceed frum the reoriving in- 
strument ; and if yea, state the construction and details of the in- 
struments so made or procured to be made. | 
2. State whether or rot you, or either of your co-defendants 
within your knowledge, have used, or procured to be used, electric 
speaking telephones of any kind whatever, in and by which speech 
uttered by the transmitting operator in the presence of the transmit- 
ting instrument is thence transmitted’ by means of electricity, so 
that the same words spoken by him are heard by the listener to pro- 
ceed from the recciving instrument; and if yea, state the construc- 
tiun and details of the instruments so used or procured to be used. 
3. State whether you or either of your co-defendants within 
your knowledge have used or procured to be uscd by others, or have 
consented to or alluwed the use of electric telephonic apparatus 
between the office of said Molecular Telephone Company, No. 52 
Broadway, New York, and the office of Waite & Bartlett, No. 204 
East 23d Street, New York, by means of which apparatus words 
spoke n in the presence of the transmitting member, and acting 
thereon, cause the same words to be reproduced and heard by a per- 
son listening at the receiving member; and if so, when and how often, 
r 
of it. 

32. And your orators show that they are entitled to restrain all 
- farther use of telephones which have been or shall be manufactured 
and disposed of by the defendants or either of them, and to receive 
and collect from each user thereof a suitable sum as and for damages 


—— . 


* EE ey = 


17 


18 and profits in consequence of and growing out of such use 
by each person who the same; and not waiving 
said rights, but wholly insisting thereon, and asserting that they in- 
tend to pursue and enforce said rights as against said users, your 
orators aver that the defendants are also liable to pa r orators 
others sums as and for profits by them actually realized by and from 
said infringement and nnlawfal acts Wherefore your orators pray 
that the defendants may be decreed fo account for and pay over to 
orators all such gains and profits resulting to them — said’ 
infringements, and may be restrained, together with their servants 
and agents, by an injunction to be issued out of this honorable court, 
or by one of your honors, according to the law in such case provided, 
from making, nD ee ee 
aforesaid, or either of them, that they may be also enjoined and 
restrained as aforesaid ee ager — this suit, and for such 
other and further relief in premises as the nature of the case 
may 533K 
33. May it please your honors to grant unto your orators not only 


a writ of injunction, but also a writ of su , to be directed to 
the said defendants, The Molecular T Company, George 
Bell, Frederick C. Bartlett, Gilbert T. Sewell, Henry E. Waite, Samuel 
H. Bartlett, Charles F. Livermore, John I. Wat ry, and James O. 


Sheldon, commanding them, and each of them, at a certain time 
and under a certain penalty therein to be limited, personally to be 
and appear before your honors and this honorable court, then and 
there to answer unto this bill of complaint, and to do and receive 
what to your honors shall seem meet in the i 
THE AMERICAN BELL TELEPHONE COMPANY, 
By THEO. N. VAIL, Rs General ; 
THE METROPOLITAN HONE AND TELE- 
GRAPH COMPANY, 
By THEO. N. VAIL, Rs President. 


DICKERSON AND DICKERSON, 
19 Usrrep States or AMERICA. 
Srarz or MassacHvuseEtTts, \ * 
Suffolk > ; 
Jux 11, 1883. 


Personally appeared Theodore N. Vail, above named, and, having 
been duly sworn, doth depose and say that he is manager 
of the said American Bell Telephone Company and of said Bell 
Tel Company, and president of said itan T 
and Telegraph Company; that he has read the ing bill and 
knows the contents thereof; that all the matters therein stated as to 
the acts of said corporations he knows to be true; that all other 
matters therein stated he believes to be true, and believes the said 
Bell to be the true, first, and inal inventor of the improvements 
in said two patents set forth claimed, and that the same had not 
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been in public use or on sale two years before his respective applica- 
tions for said two patents. 
Sworn to before me. 
[SEAL. } PHILIP S. STONE, 
Notary Public. 
(Endorsed:) U. S. C. C., S. D. N. V. American Bell Telephone 


Co. & ano’r vs. The Molecular E ee Company e al. Bill. U. 
S. circuit court. Filed July 17, 1883. Timothy Griffith, clerk. 


20 U. 8. Cireuit Court; Southern District of New York. 


Tae AmericaN BRLL TELEPHONE Company a al., Compl'ts, 
against 3 
THE MOLECULAR TELEPHONE Company & Others, Def ts. 


Sin: You will please enter our appearance as solicitors for The 
Molecular Telephone Company, George Bell, Samuel H. Bartlett, 
Henry E. Waite, John I. Waterbury, defendants in the above-entitled 
suit. : 

Dated August 6th, 1883. an 

(S’g’d) MILLER, PECKHAM & DIXON, 
Solicitors for Defendants within named, 29 Wall &., N. FV. 


To Timothy Griffith, Esq., clerk. 


(Endorsed:) U.S. circuit court, southern dist. of N. V. The 

21 American Bell Telephone Co. et al. vs. The Molecular Tele- 
phone Co. & others. Appenrance. Miller, Peckham & Dixon, 
solicitors for defendants, The Molecular Telephone Company & 
others, 29 WallSt. U.S.circuitcourt. Filed Aug. 6, 1883. Timothy 
Griffith, clerk. 
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The joint and several Answers of the Molecular Telephone Company, 
George Bell, Henry E. Waite, Samuel H. Bartlett and John I,’ 
Waterbury, five of the Defendants, to the Bill of Complaint of the 
American Bell Telephone Company-and the Metropolitan Telephone 
and Telegraph Company, Complainanis. 

These defendants, now and at all times hereafter saving and re- 
serving to themselves all manner of benefit and advantage of excep- 
tion to the many errors and insufficiencies in the complainants’ said 
bill of complaint contained, for answer thereunto or unto so much 
or such parts thereof as these defendants are advised is material for 
them to make answer unto, each answering for himeelf, and not one 
for the other, jointly and severally answer and say : — 

1. That they do not know and are not informed, save by said 
bill, whether or not either of the said complainants is a corporation 
duly established as alleged in said bill. 

2. They admit that Letters Patent of the United States No. 
174,465 were, on the 7th of March, 1876, granted to Alexander 


Graham Bell, for an alleged new and useful improvement in teleg- 


raphy, but they deny that the said Bell made application therefor 
according to law, or that upon due proceedings the same were law- 
fully granted or issued or delivered as stated in said bill. 

8. Defendants admit that Letters Patent of the United States 
No. 186,787 were, on the thirteenth day of January, 1877, granted to 
said Bell for an alleged new and useful improvement in electric teleg- 
raphy. Defendants on infurmation and belief deny that said Let- 
ters Patent were granted upon application according to law, or that 
the same upon due proceedings were legally granted, issued or 


delivered to said Bell as stated in said bill. 


4. Defendants do not know and are not informed, save by the 
said bill, whether the said several assignments, grants and licenses 
alleged in said bill were made or recorded as therein alleged, or 

. : 
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whether the said several complainants, by said in-truments or other- 
wise, have received or possessed authority to make and use tele- 
phones as alleged in said bill, or what or any license fee or royalty 
may he paid or agreed to be paid by one complainant to another. 
The defendants therefore deny the same, and leave complainants to 
make such proof thereof as they may be advised. 

5. The defendants deny upon information and belief that electric 
speaking telephones have never been publicly known or used before 
the grant of said patent, and deny that they were first publicly made 
known or first introduced into use. by said Bell and his licensees 
under said Bell patent. 5 

6. Defendants are not informed, save by said bill, whether or 
not the alleged invention described and claimed in said Letters 
Patent, or in either of them, or any substantial or material part of 
the same were ever embodied in instruments known as Bell tele- 
phones or instruments known as Blake transmitters, and therefore 
deny the same, and on information and belief deny that the alleged 
inventions were ever introduced into general or extensive public use, 
or that many persons have put the same into use or have paid royal- 
ties for the use of the same. Defendants aver on information and 
belief that the telephones heretofore introduced into general or pub- 
lic use and used by said exchanges, as stated in said bill, were not 
substantially the same in construction or mode of operation as the 
instruments and devices described in said Letters Patent or in either 
of them, but were of substantially different construction and mode 
of operation and were not the same but substantially different 
inventions from those in said patents described. 

7. On information and belief defendants deny that the patents 
upon which this suit is brought are or that either of them is a good 
and valid patent ; that the validity of either of said patents has been 


0 generally recognized and acknowledged, as in said bill alleged; that 


the claims of said Bell and his successors to the exclusive right to 
said alleged inventions under said patents have been generally 
acknowledged and acquiesced in as alleged in said bill. 

On the contrary, on. information and belief, defendants say that 
not only has the validity of said patents and of the complainants’ 
claims thereunder been generally unacknowledged, disputed and 
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denied, but that such fact is and has long been of great public 

notoriety; that Elisha Gray, of Highland Park, Illinois; Thomas 

A. Edison, of Menlo Park, New Jereey; Daniel Drawhaugh, of 

Eberly's Mills, Pennsylvania; James W. McDonough, of Chicago, 

Illinois, have claimed and do still claim each for himself to 

| be the original and first inventor of the alleged inventions described 

and claimed in said two patents and in each of them, and that such. 
claims have long been notorious. That at the time when the appli- 
cations for said patents were filed, and when said Letters Patent were 
granted and issued to said Bell, suid Gray had a caveat on file in the 
United States Patent Office in full force and effect in law describing 
and claiming the eame invention alleged to be embodied in said Bell 
patents; and that by reason thereof said Beli’s applications fur said 
patents and for each of them ought to have been suspended and said 
Gray ought to have been allowed to come into the United States 
Patent Office with an application and to contest said Bell’s right to 
a patent and to obtain a decision upon the question of priority of in- 
vention between himself and said Bell before the issue of any patent 
to said Bell or to either of them, but that said Gray's caveat 
was negligently overlooked by the United States Commissioner of 
Patents and said patents were wrongfully and unlawfully ixsued 
to snid Bell without any lawful notice to said Gray and without any 
opportunity being afforded him to prove his priority of invention. 
And these defendants further aver that it has long been notorious 
that for years past sundry interferences have been and still are pend- 
ing undetermined in the United States Patent Office between said 
Bell, Gray, Edison, Dolbear, McDonough and others to determine 
who (if any of them) is the original and first inventor of the matters 
and things shown, described and claimed in the said two Bell 

patents in suit; that it has also long being notoriously understuud 
and believed that the owners of said Bell patents, fur the alleged 
| infringement of which this suit is brought, are so well aware of the 
4 doubtfulness of their alleged rights thereunder that, although said 
Gray, Edison, Dolbear and others, and their licensees, have made, 
sold and put into public use in this country large numbers of speak- 
ing telephones containing the alleged inventions respectively of said 

Gray, Edison, Dolbear and others, and infringing the claims of said 
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two Bell patents, and, as defendants are informed and believe, are 
still making, selling and putting int» public use large numbers of 
infringing telephones, yet the said complainants, the American Bell 
Telephone Company and The Metropolitan Telephone and Tele- 
graph Company, have never bona fide instituted and prosecuted to 
final judgment or decree any suit or suits therefor, but have allowed 
and still are allowing such extensive and notorious manufacture, salo 
and use to continue undisturbed; and defendants further say that it 
has long been and still is notoriously understood and believed, and 
upon information and belief defendants charge the fact to be, that 
the owners of the said Bell patents fearing that in the said pending 
interference the decision or decisions of the Commissioner of Patents 
would be adverse to the claims of said Bell, and that said Com:is- 
sioner would decide that said Bell was not the original and first 
inventor and discoverer of the inventions shown, described and 
claimed in said patents’ or in either of them, have entered int., an 
agreement or agreements with said Gray, Edison, McDonough and 
others, or with their assignees, in writing, providing fur the contin- 
gency of a decision of the Commissioner of Patents adverse to said 
Bell in said interferences, and of decisions of the courts adverse to 
said Bell's claim as the original and first inventor of the matters and 
things claimed in said patents in suit, and arranging the terms and 
conditions upon which said so-called Bell telephoues shall be licensed 
by said Gray, or said Edison, or said Dolbear, or said McDonough, 
or by their assignees, respectively, in the event that said Gray, or 
said Edison, or said Dolbear, or said McDonough shalb be adjudged 
or be decreed the original and first inventor thereof; that the evi- 
dence of the said interferences and the proceedings and of the exact 


terms, conditions and provisions of said contract or agreements. be- 


tween said Bell, Gray, Edison, Dolbear, McDonough and others, 
respectively, is not in the possession or under the control of these 
defendants, but of the said interfering applicants, patentees and their 
assignees, and of the parties to said agreement or agreements, and 
can only be had or obtained by an examination of said persons or 
parties, or by an order of this Honorable Court. 

8. Defendants further say that they have no knowledge of the 
several suits in said bill alleged to have been instituted, or uf the 


\ 
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proceedings alleged to have been had therein, but on information 
and belief defendants charge the fact to be that said suite and pro- 
ceedings were not nor were any of them bona fide adversary suits or 
proceedings, but, on the contrary, in some thereof the proceedings 
were collusive and in others consent was given by the defendants, 
because their iaterest had been purchased by or on behalf of com- 
plainants. Defendants are informed and believe that the statements - 
in the bill of complaint in the tenth paragraph thereof, as to the 
case against Peter A. Dowd, are incorrect, misleading and uutrue ; 
that it is true that such a suit was commenced and that evidence 
was taken therein, but that it is not true that the defendants became 
eatixfied that said Bell was the true, original and first inventor of 
the electric speaking telephone, or of the alleged inventions covered 
by said patents; that, on the contrary, defendants were satisfied 
that they could successfully defend said suit, and comp!ainants were 
apprehensive that the defendants would succeed in their defence, 
and thereupon a contract or agreement was made, pursuant to which, 
in consideration that the defendants would accept licenses from com- 
plainants, a very large share in the profits of all the business and 
royalties of the complainants was given to said defendants; that the 
settlemvnt of said suit so far from being a concession to the claims 
of complainants was a concession by complainants to the validity of 
defendants’ defence. Defendants are informed and believe that the 
contract of Settlement of sud suit was in writing, and pray that the 
same may be produced by complainants on the hearing of this cause. 
9. Defendants, further answering, say that they are informed and 
believe that the same course and proceedings were adopted in the 
suits against Ghegan and Albright and The People’s Telephone and 
Telegraph Company ; that, so soon as it was ascertained that the 
defendants therein intended earnestly and vigorously to defend the 
same, the complainants bought out the said defendants, and that the 
orders and decrees thereafter entered in said suite were the direct 
result of euch purchaze and bargain; that all and singular the suits 
and proceedings in said bill alleged were either against persons una- 
ble to bear the expense and burden of the defence, and therefure 
yielding without regard to their rights or the rights of complainants, 
6 
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or cases where defendants commenced a vigorous defence and their 
concessions or cunsent to an order or decree were thereafter pur- 
chased by complainants. 

10. This defendant, further answering said bill, denies that the 
said Bell patent No. 174,465, dated March 7, 1876, is valid, and 
alleges that it is invalid and void for the following reasons, to wit : 

(a.) Because the instrument er machine shown, described and 
claimed therein is not a patentable invention, but an inoperative, use- 


less and worthless device. 


(5.) Because the said Alexander Graham Bell was not the origi- 
nal and first inventor or discoverer of the thing patented in said 
Letters Patent or of any material or substantial part thereof, but 
that long prior to his said alleged invention and discovery in teleg- 
raphy the same or substantially the same thing or things had been 
invented, discovered and used in public by, and were known to the 
following named persons of, and at the fullowing named places, to 
wit ;— 

Philip Reis, then of Friedrichedurf, Germany, now dead, at 
Fricdrichedorf and Frankfort, Germany. . 

Elisha Gray, of Highland Park, III., at Oberlin and Cleveland, 
Ohio; Highland Park and Chicago, III.; Milwaukee, Wis., Wash- 
ington, D. C., and New York City. 

Thomas A. Edison, of Menlo Park, N. J., at Menlo Park, N. J., 
and New York City. 

Daniel Drawbaugh, of and at Eberly’s Mills, in the — 
berland and State of Pennsylvania. 

Amos E. Dulbear, of Somerville, Mass., ä Mass., 
and elsewhere in the United States. 

Alfred G. Holeomb, of Granby, Conn., at New York City, N. T., 
and elsewhere in the United States. 

Philip H. Vanderweyde, of Brooklyn, at New York City, N. T., 
and elsewhere in the United States. 

James W. McDonough, of Chicago, III., at said Chicago, at New 
York City and elsewhere. 

W. F. Channing, of Providence, R. I., at Providence, R. I. 
Benjamin F. Edwards, now deceased, formerly of Boston, Mass., 
t Boston, Mass., Washington, D. G., and New York City, N. T. 
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James Hamblet, Jr., of. — Wash- 
ington, D. C., and New York City. 

Edward Farran, of Keene, N. H., at Keene, N. H. 

Antonio Mencci, of Clifton, Staten Island, N. T., at Staten Island 
and New York (City. 

W.S. Voelker, of Morton, Delaware County, Pu., at Philadelphia, 
Pu., Morton, Delaware County, Pu., and other places in the — 
States. 

Edward C. Pickering, of Cambridge, Mase., st Besse and Cam- 
bridge, Mass., and aleo by numerous other persons whose names and 
residences are now unknown to these defendants, but which, when 
—.—— 
sert in this answer. 

(e.) Because, in view of the state of the art at the time of the 
alleged invention of said Bell, the claims of said patent are too 
broad, covering inventions and discoveries before made by others, 
— I MEADE SIDE 
exclusive use and enjoyment. 

(d.) — —— patent avo ten beced fe thet they 
purport to cover, include and appropriate matters and things which 
cannot lawfully be claimed in Letters Patent. 

(e.) Because the said Bell, in obtaining said Letters Patent, sur- 
reptitiously and unjustly obtained a patent for that which was in 
fact invented by another, to wit, said Elisha Gray, who was using 
reasonable diligence in adapting and perfecting the same. 

CY) Because the said Bell, in obtaining the said patent, surrepti- 
tiously and unjustly obtained a patent for that which was in fact in- 
vented by another, to wit, Thomas A. Edison, who was using reason- 
able diligence in adapting and perfecting the same. 

(g-) Because the said Bell, in obtaining said patent, surrepti- 
tiously and unjustly obtained a patent for that which was in fact in- 
vented by another, to wit, Daniel Drawhaugh, who was using 
reasonable diligence in adapting and perfecting the same. 3 

(A.) Because the said Bell, in obtaining said patent, surrepti- 
tiously and unjustly obtained a patent for that which was in fact 
invented by another, to wit, said James W. McDonough,.who wae 
using reasonable diligence in adapting and perfecting the same. 
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(i.) Because these defendants are advised and aver that the 
specification of said Letters Patent No. 174,465 does not sufficiently 
describe the things attempted to be covered by the claims thereof to 
enable persons skilled in the art or science to which it appertains or 
with which it is most nearly connected to make, use and construct 
the same. | 

(j.) Because, as defendants are informed and believe, long prior 
to any invention by said Bell of the alleged improvement specified 
as his invention in said Letters Patent, numbered 174,465, the same 
was described in and patented by the following Letters Patent, viz. : 
Letters Patent granted by the United States to Thomas A. Edison 
and George Harrington, dated Aug. 12, 1873, numbered 141, 777; 
Letters Patent of the United States granted to William Thompson, 
dated Nov. 17, 1874, numbered 156,897; Letters: Patent of the 
United States granted to Elisha Gray, July 27, 1875, No. 166,096 ; 
Letters Patent of the United States granted to Elisha Gray, July 27, 
1876, No. 166,094. 

Letters Patent of the United States granted to Elisha Gray, July 
27, 1875, No. 166,095; caveat filed by Elisha Gray in the United 
States Patent Office Feb. 14, 1876; Letters Patent of the United 
States granted to Elisha Gray April 11, 1876, No. 175,971. 

- Letters Patent of the United States granted to Elisha Gray, Jan. 
16, 1877, numbered 186,340. 

British Letters Patent granted to C. F. Varley, 1870, No. 1,014. 

British Letters Patent granted to J. H. Johnston, July 29, 1874, 
No. 2, 648. 0 

British Letters Patent granted to George T. Bousfield, dated May 
4, 1876, and numbered 1,874. 

French patent granted to Leon Scott, dated March 25, 1857; cer- 
tificate of addition to same dated July 29, 1859. 

[Nore. — The four patents next after this note are inserted in the 
original answer by an amendment dated Jan. 30, 1884. ] 

British Letters Patent granted to John Henry Johnson, dated 
March 16, 1875, No. 974. 

British Letters Patent granted to Charles Wheatstone, dated Jan. 
21, 1840, No. 8,345. 


British Letters Patent granted to David Hughes, dated April ‘27, 
1858, No. 938. 

United States Letters ‘Patent granted to Elisha Gray, dated Feh. 
15, 1876, No. 173,460. 

Ales in other Letters Patent which are now unknown to these 
defendants, but which when known these defendants pray leave by 
proper amendments to insert in this answer. 

(&.) — —— — 
Bell of the alleged improvement -epecified as his invention in -said 
Letters Patent numbered 174,465, the same was described in - 
following printed publications : — 

“Electricity and Magnetiem” by. Jenkins, a book printed and pub- 
lished in London, ‘England, and in the city of New York, in the 
year 1873, at p. 334. 

“Der Electromagnetische Telegraphe,” by H. Schellen, a printed 
book published in Brunswick, Germany, in the year 1867, at pp. 
468 and 469. 

© The Electric Telegraph by R. Sabine; a: book printed and pab- 
ished in London, :Euglard, 1867, at pp. 164, 165, 166 and 167. 

“I, Eco d'Italia,” 1860. 

Lehrbuch der Technischen Physik,” by Hassler Pisko, a book 
published at Vienna, 1866, Vol. 1, p. 648. 

Also in a printed publication in the German language entitled 
Jahres Behrt des Physikaliechen Vereins su .Frankfert am Main, 
a book printed and published in 1862, and particularly at pages 
5764. 

A printed publieation in the German language entitled Zeit- 
schrift des Duetech Oe sterreichischen Telegraphen-Vereins,” Vol. 
9, a book printed and published at ‘Berlin in 1862, particularly at 
pp. 126-180. : 

A printed publication in the German language entitled -Die Neu- 
ren Apparate der Akustik,“ von Dr. Prof. Fr. Jos. Pisco, printed 
and published in 1865, particularly at pp. 96-103 and pp. 241, 
242. 

Yearly report of the Physical Society: at .Frankfurt-a-M., 1860, 
1861, at p. 57; eto. 
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A French publication entitled Petit Tratie de Physique,” par M. 
J. Jamin, Paris, 1870, and particularly at p. 421. 

The “ Telegraphic Journal,” published in London in the year 1873, 
Vol. 1, at p. 4. 

Electricity,“ by R. M. Ferguson, a printed book published in 
London and Edinburgh in 1867, at pp. 257 and 258. 

"The Telegrapher,” published in the city of New York * 1869, 
Vol. 5, No. 39, at pp. 

“The Menufacturer and Builder” for May, 1869, a newspaper 
published in the city of New York in 1869, Vol. 1, at p. 129. 

Wonders of Electricity,” by J. Baile, published in New York 
City in 1872, at pp. 140, 141, 142 and 143. 

“The Telegraphic Journal,” published in London in the year 
1875, Vol. 3, at pp. 286, 287 and 288. 

“Diugler’s Polytechnic Journal” for 1863, Vol. 163, pp. 23 and 
185, a book published at Leipsic in 1863. 

“Cosmos” for 1864, Vol. 24, pp. 349, 352, a printed book pub- 
lished in Paris in 1864; article by M. St. Edmé. 

Description Reis Telephone, Koenig’s Catalogue of Apparatus 
for 1865,” a book printed and published in Paris. 

* Applications de l’Electricite, by Da Moncel,” Vol. 2, p. 255, 
etc., a printed book published in Paris in 1854 (Bourseul Appara- 
tus). 

“L’Anné Scientifique,” by Louis Figuier, 1858, Vol. 1, p. 62, a 
book printed and published at Paris, France, in 1858. 

“Cosmos,” by PAbbeé Moigno, 1859, eighth year, Vol. 14, No. 
11; article about the “Scott Phonautograph”; a book printed and 
publiched in Paris in 1859. 

“Traité Elementaire de Physique,” by M. Ganot; eleventh edi- 
tion, 1854, p. 224; a book published in — in 1854; article, 

*€ Scott Phonautograph.” 

“Comptes Rendus de [Académie des Sciences,” Vol. 53, p. 108, 
1861. 

“ Poggendorf Annalen,” 1843, Vol. 59, p. 177, a book printed 
and published at Leipsic, 1843. 

[Norz.— The matter printed between this note and the words 

“ Also in sundry other publications which are now unknown to these 
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defendants” is inserted in the original answer by the amendment of 
Jan. 30, 1884.) 

“ Didaskalia,” a journal published in Frankfort-on-the-Main, Sept. 
28, 1854, No. 232, and on May 11, 1862, No. 130, and on May 14, 
1862, No. 133. 

Du Moncel’s Exposé des Applications de FElectricite,” 4 book 
published in Paris, France, in 1856 (p. 246), and in 1857 (p. 110). 

“ Frankfurter Kouversationsblatte,” a journal published in Frank- 
fort-on-the-Main, Nov. 29, 1861, and June 30, 1863. 

Die Fortschritte der Physik,” a journal published in Berlin (pp. 
171, 173), and in 1863 (p. 96). 

Aus der Natur,” published in Leipsic, 1862 (Vol. 21, pp. 470, 
471 to p. 484). 

Muller Poillet's Lehrbuch der Physik und Meteorologie, pub- 
lished in 1862 in Germany, and in 1863, Vol. 2, p. 352, Fig. 325, 
and 1868, pp. 386 388, Figs. 348-350. 

“Fredericksdorf Zeitung,” a journal published in Homburg in 
1862, and also that of 1867 and 1868 (pp. 386, 387, 388, 389). 

“Jahres Bericht der Physitalisches Vereins” (Vol. 4, pp. 129 to 
135), annnal report for 1860, 1861, published in 1863, in Frankfort- 
on-the-Main. 

“ Bottgers Pulytechnischen Notizblatt,” Nos. 1-24 inclusive, pp. 
65, 81-255, published in 1863. 

“Deuteche Klinik,” No. 48, pp. 468, 469, published in 1863 in 
Berlin. 

Deutsche Industrie Zeitung,” published in 1863, in — 
(pp. 184-208, 239 and 249). 

Die Gartenlaube,“ published at Leipsic, 1863 (pp. 807-809). 

Prospectus of Philip Reis,” published in 1868 in Frankfort, and 
in “Pisko’s Die neueren Apparate der Akustik,” published in 
Vienna, in 1863. 

A further circular or addition to the preceding, published in Frank- 
fort in 1863. 

The two were published with the circular or prospectus of J. 
Welh Albert, mechanician, in Frankfort, in 1863. 

Polytechnische Centralblatt,” published in 1863, pp. 857, 858. 

Letter of Philip Reis to W. Ladd, Aug. 13, 1863. 
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“ Tagesblatt der 39 Versammlung Deutsche Naturforscher,“ pub- 
lished in Giessen, in September, 1864. 

“ Zéliner’s Buch der Erfandengen,” published in Leipeic and ‘Berlin 
in 1865 and in 1873. 

“Von Karl Kuhns Handbuch der Augeraundle Elekricitatsleher,” 
pp. 1026-1021, published in 1866. 

Alberts Catalogue,” in 1866 and 1872 and 1873. 1 

Kneelaud's Annual of Scientific Discovery,” in 1866 and 1867. 

“New York Tribune,” Jan. 8, 1869. 

Christian Union,” New York, Dos. 25, 1875. 

* Scientific American,” New York, Mareh 4, 1876. 

“ Scientific American” (Supplement), Feb. 5, 1876. 7 

* Scientific American” (Supplement), No. 48, 1876. 

“ Electricity and Magnetism,” by Jenkins, in London, 1876. 

* Journal-of the Franklin Institute of the State of Penasylvania,” 

Vol. 42, published in Philadelphia in 1869, pp. 419 et seg. | 

“The Manufacturer and Builder,” A; ril, 1870. 

Dublin Medical Press,” 1863, Vol. 50, No. 1, 293, p. 471. 

Cosmos, 1863, Vol. 23, p. 705. 

“ Zeitschrift des Architectur und Ingenieur Verein, 1866, Vol. 

12, p. 147. 

“ The Electric Telegraph,” by Dr. Lardner, new edition, revised 
by E. B. Bright, published in London, Eng., in 1867, at pp. 164, 

165, 166 and 167. 

“Transactions Royal Scottish Society of Arts,” Edinburgh, Vol. 1 
6, 1864, Appendix O. pp. 1844187. 

“ Annual Report of American Association for the Advancement of 
Science,” for 1869. 

“ Knight’s American Mechanical Dictionary,” 1876, Article Tele- } 
phone. 

Also in sundry other publications which are now unknown to | 
these defendants, but which, when known, these defendants pray 
leave by proper amendments to insert in this answer. 

Because they are informed and believe it to be: true: that the de- 
ecription of the alleged invention sect forth in the specification | 
annexed to said Letters Patent is incomplete, incorrect and ambigu- 1 
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ous, and that eaid specification does. not describe the true method or 
mode of uperation of the instrament or machine illustrated in the 
drawings aunexed thereto. 

11. And these defendants, farther answering said bill, deny that 
the said second Bell patent, No. 186,787, is valid, but upon infor- 
mation and belief allege that it is invalid and void for the — 
reasons, to wit: — 

(a.) Because the machine and instrument shown, described and 
claimed therein is not a patentable invention, bat is an inoperative, 
useless and worthless device. 

(.) Because the said Alexander Graham Bell was not the origi- 
nal and Gret inventor or discoverer of any material or substantial 
part of the thing patented, bat before his alleged invention or dis- 
covery thereof, the same or substantially the same thing or things 
had been invented and used by, and were known to the following 
named persons, of and at the fullowing named places, to wit: — — 

Philip Reis now dead, late of Friedrichsdorf, Germany; at 
Friedrichedorf and at Frankfort, Germany. 

Elisha Gray, of Highland Park, III.; at Oberlin and Cleveland, 
Ohio; Highland Park, Chicago, III.; Milwaukee, Wis. ; Washing- 
ton, D. C., and New York City. 

Thomas A. Edison, of Menlo Park, N. J.; at Menlo Park, N. J. 
and at New York City. 

Daniel Drawbaugh,. of and at Eberly’s Mille, in the county of 
Cumberland and State of Pennsylvania. 

Amos E. Dolbear, of Somerville, Mass., at Somerville, Mass., 
and at Boston and Cambridge, Mass., and elsewhere in the United 
States. 

Alfred G. Holeomb, of Granby, Conn., at New York City, N. T., 
and elsewhere in the United States. | 

Philip H. Vanderweyde, of Brooklyn, at New York, N. Y., and 
elsewhere in the United States. 

James W. McDonoagh, of Chicago, III., at Chicago and New 
York City, and elsewhere in the United States. 

W. F. Channing, of Providence, R. I., at Providence, R. I. 
Benjamin F. Edmans, now deceased, formerly of Boston, Mass., 
8 ‘ 
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at Boston, Mass., Washington, D. C., and at New York City, 
N. Y. 

James Hamblet, Jr., of Brooklyn, N. Y., at Buston, Mass., 
Washington, D. C., and at New York City. 

Edward Farran, of Keene, New Hampshire, at Keene, N. H. 
Antonio Mencci, of Clifton, Staten Island, N. T., and at Staten 
Island and at New York City. 

W. 8. Voelker, of Morton, Delaware County, Pa., at Philadel- 
phia, Pa., Morton, Delaware County, Pa., and at other places in the 
United States. 

Edward C. Pickering, of Cambridge, Mass., at Boston and at 
Cambridge, Mass. 

And also by numerous other persons, whose names and residences 
are now unknown to these defendants, but which, when known, they 
pray leave by proper amendments to insert in this answer. 

(c.) Because in view of the state of the art at the time of the 
alleged invention of said Bell the claims of said patent are too 
broad, covering inventions before made by others, and of which he 
was not, and his assigns are not, entitled to the exclusive use and 
enjoyment. 

(d.) Because the said Bell, in obtaining said patent, surrepti- 
tiously and unjustly obtained a patent fur that which was in fact in- 
vented by another, to wit, Elisha Gray, who was using reasonable 
diligence in adapting and perfecting the same. 

(le.) Because the said Bell, in obtaining said Letters Patent, sur- 
reptitiously and unjustly obtained a patent for that which was in 
fact invented hy another, to wit, said Thomas A. Edison, who was 
using reasonable diligence in adapting and perfecting the same. 

(f.) Because the said Bell, in obtaining said patent, surreptitiously 
and unjustly obtained a patent for that which was in fact invented 
by another, to wit, said Daniel Drawbaugh, who was using reason- 
able diligence in adapting and perfecting the same. 

(g-) Because the said Bell, in obtaining said patent, surrepti- 
tiously and unjustly obtained a patent for that which was in fact in- 
vented by another, to wit, said James W. McDonough, who was 
using reasonable diligence in adapting and perfecting the same. 
(A.) Because if said Bell ever had any right to a patent for the 
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alleged improvement specified as his invention in said Letters Patent 


No. 186,787, or any right to have the same secured by Letters Pat- 
ent, he abanduned and forfeited the same, and lost all such right by 


_ his delay in applying for Letters Patent and by the same having been 


put into public use and on sale more than two years before his appli- 
cation for a patent therefor. 

(i.) Because the specification of said Letters Patent numbered 
186,787 does not sufficiently describe the things attempted to be 
covered by the claims thereof to enable persons skilled in the art or 
science to which it appertains, or with which it is most nearly oon- 
nected, to make, construct and use the same, and that the alleged 
improvement attempted to be patented in said Letters Patent did 
not invulve or require invention and did not differ in any patentable 
rerpeet from what was before said alleged invention known and used 
in this country or described in patents and printed publicatiuns. 

(j-) Because there is no mechanical combination between the ele- 
ments constituting the sixth claim of said Letters Patent No. 186, 787, 
and no invention was required to produce the same. 

(&.) Because long before any invention of said Bell of the alleged 
improvement specified as his invention in said Letters Patent No. 
186,787, the same was described in and patented by the following 
Letters Patent, vis.: Letters Pateut of the United States granted to 
Elisha Gray, July 27, 1875, No. 166,095; Letters Patent of the 
United States granted to Elisha Gray, April 11, 1876, No. 175,971; 
Letters Patent of the United States granted to A. G. Holcomb, May 
16, 1860. 

British Letters Patent granted to J. H. Johnson, July 29, 1874, 
and numbered 2,646. 

Letters Patent granted by the Patent Office of the Dominion of 
Canada in 1875 to Elisha Gray, July 7, 1875, numbered 4,749. 

British Letters Patent granted to J. H. Johnson, March 16, 1875, 
and numbered 974. 

British Letters Patent granted to George T. Bousfield, May 4, 
1876, and numbered 1,874. 

Letters Patent of the United States granted to said Elisha Gray, 
July 20, 1875, and numbered 165,728. 
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Letters Patent of the United States granted to said Elisha Gray, 
Feb. 15, 1876, and numbered 173,460. 

Letters Patent of the United States granted to said Elisha Gray, 
Feb. 15, 1876, and numbered 173,618. 

Letters Patent of the United States granted to said Elisha Gray, 
Jan. 16, 1877, and numbered 186,340. 

Letters Patent of the United States granted to said Bell, March 
7, 1876, No. 174,465. : 

And also other Letters Patent, which are now unknown to these 
defendants, but which, when known, they pray leave by proper 
amcndments to insert in this answer. 

(J.) Because long before any invention by said Bell of the al- 

leged improvement specified as his invention in said Letters Patent 
numbered 186,787, the same was described in the following printed 
publications, vis. — 
- “Der Electromagnetische Telegraph,” by Dr. H. Schellen, pub- 
lished at Brunswick, Germany, in the year 1867, at pp. 411, 412, 
413, 414, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 468 
and 469. 

“Zeitschrift des Deutsch-Oesterreichischen Telegraphen- Vereins,“ 
published at Berlin, Prussia, in the year 1862, Vol. 9, p. 125. 

Yearly report of the Physical Society at Frankfort-a-M., 1860, 
1861, p. 67, eto. 

“ Die Neuren Apparate der Akustik, von Dr. Prof. Jos. Pisko, 
printed and published in 1865. 

“Journal of the German-Austrian Telegraph Association,” Vol. 
9, p. 125, 1862, and pp. 94—104. 

“The Electric Telegraph,” by R. Sabine, published in London, 
England, in 1867, at pp. 136, 137 and 138. 

“The Telegraphic Journal, published in London, in 1872, Vol. 
1, p. 4. 

“ Electricity,” by R. M. Ferguson, published in London and Edin- 
burgh, in the year 1867, at pp. 257 and 258. 

“ The Telegrapher,” published in the city of New York, in the 
year 1869, Vol. 5, No. 39, at p. 

“The Manufacturer and Builder,” published in the city of New 
York, in the year 1869, Vol. 1, at p. 129. 
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Wonders of Electricity,” by J. Baile, published in the city. of 
New York, in the year 1872, at pp. 140, 141, 142 and 143. 

“The Telegraphic Journal,” published in London in the year 
1875, Vol. 3, at pp. 286, 287 and 288. 

“L’Eco @ Italia,” 1860. 

Lehrbuch der Technischen Physik,” by Dr. Hassler Pisko, 258 
lished at Vienna, 1836, Vol. “1s 648. 

*The Scientific American,” of Oct. 20, 1860, p. 264, 4 news- 
paper published in the city of New York. 

[Norz. The matter printed between this note and the words and 
also in —— Q 
answer by the amendment of Jan. 30, 1884. | 

“ Didaskalia,” a journal published in Frankfort-on-the-Main, Sept. 
28, 1854, No. 232; and on May 11, 1862, No. 130; and on May 
14, 1862, No. 133. 

Du Moncel’s “ Exposé des Applications de IElectricité,” a book 
published in Paris, France, in 1856 (p. 246), and in 1857 (p. 110). 

“Frankfurter Konversationsblatte,” a journal published in Frank- 
fort-on-the-Main, Nov.-29, 1861, and June 30, 1863. 

“ Die Fortechritte der Physik,” a journal published iu Berlin 
(pp. 171, 173), and in 1863 (p. 96). 

“Aus der Natur,” published in Leipsie, 1862 (Vol. 21, pp. 
470, 471-484). 

“Muller Poillet’s Lehrbuch der Physik Meteorologie,“ published 
in 1862, in Germany, and in 1863, Vol. 2, p. 352, Fig. 325; and 
1863, pp. 386-388, Figs. 348-350. 

“Frederickedorf Zeitung,” a journal published in Homburg, in 
1862, and also that of 1867 and 1868 (pp. 386, 287, 388, 389). 

“Jahres Bericht der Physitalisches Vereins” (Vol. 4, pp. 129 
to 135), annual report for 1860, 1861, published in 1863, in Frask- 
fort-on -the-Main. 

“ Botiger’s Polytechnischen Notizblatt,” Nos. 1 to 24 inclusive, 
pp. 65, 81, 225, published in 1863. . 

“Deutsche Klinik,” No. 48, pp. 468, 469, published in 1863, 
in Berlin. 

Deutsche Industrie Zeitung,” published in 1863, in Chemnitz 
(pp. 184208, 239 and 249.) a 
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Die Gartenlaube, published at Leipsic, 1863 (pp. 807-809). 

"Prospectus of Philip Reis,” published in 1863 in Frankfort, and 
in Pisko’s Die neueren Apparate der Akustik,“ published in Vienna 
in 1863. 

A further circular or addition to the preceding, published in 
Frankfort in 1863. | 

The two were published with the circular or prospectus of J. 
Welh Albert, mechanician, in Frankfort, in 1803. 

Polytechnische Centralblatt,” published in 1863, pp. 857, 858. . 

Letter of Philip Reis to W. Ladd, Aug. 13, 1863. 

“Tageshlatt der 39 Versammlung Deutsche Naturforscher,” pub- 
lished in Giessen, in September, 1884. 

Zöllner's Buch der Erfundungen,” published in Leipsic and Ber- 
lin in 1865 and in 1872. 

“Von Karl Kuhns Handbuch der Augeraundle Elekricitatsleher,” 
pp. 1016-1021, published in 1866. 

“ Albert’s Catalogue,” in 1866 and 1872 and 1873. | 

“ Kneeland’s Annual of Scientific Discovery, in 1866. and 1867. 

“New York Tribune,” Jan. 8, 1869. ‘ 

“Christian Union,” New Tork, Dec. 25, 1875. 

* Scientific American,” New York, March 4, 1876. 

“ Scientific American ” (Supplement), Feb. 5, 1876. 

“ Scientific American” (Supplement), No. 48, 1876. 

“Electricity and Magnetism,” by Jenkins, in London, 1876. 

“ Journal of the Franklin Institute of the State of Pennsylvania,” 
Vol. 42, published in Philadelphia in 1869, pp. 419 et seq. 3 

»The Manufacturer and Builder,” April, 1870. 

“Dublin Medical Press,” 1863, Vol. 50, No. 1,293, p. 471. 

“Cosmos,” 1863, Vol. 23, p. 705. 

“ Zeitechrift des Architectar un d Ingenieur Verein,” 1866, Vol. 
12, p. 147. 


“The Electric Telegraph,” by Dr. Lardner, new edition, revised 
by E. B. Bright, published in London, Eng. , in 1867, at pp. 164, 
165, 166 and 167. ; 

“Transactions Royal Scottish Society of Arts,” Edinburgh, Vol. 
6, 1864, Appendix Q, pp. 184-187. 


“ Annual Report of American Association for the Advancement of 
Science,” for 1869. 

“Knight’s American Mechanical Dictionary,” 1876, article, Tele- 
phone. 

And also in other printed publications aforesaid, and others which 
are now unknown to these defendants, but which, when known, they 
pray leave by proper amendment to insert in this answer. 

Defendants say that they do not know and are not informed, save 
by said bill, what kind or style of transmitters or receivers were 
used by the defendants in the suits in the bill of complaint men- 
tioned, and leave complainants to make proof thereof. 

Defendants deny that they have jointly, with the other defendants 
or otherwise, made or sold or used telephones embracing the inven- 
tions secured to complainants in the Letters Patent in the complaint 
referred to, or substantial or material parts of them, and deny that 
they have used the several alleged improvements secured to com- 
plainants by said patents, or are now using the same, either in the 
city of New York or elsewhere, or that they have furnished electric 
speaking telephones to peraons within this district, to be connected 
up and used as electric speaking telephones for the transmission of 
articulate speech by or according to the method secured to said Bell 
or to complainants, and deny that they now continue so to do. 

These defendants, further answering each for himself the special 
interrogatories in said bill, to the first interrogatory says ne; to the 


' second interrogatory say's no; to the third interrogatory says no, with, 


in respect to each interrogatory, the following exceptions : — 

The defendants Waite and Samuel H. Bartlett are mechanical 
electricians and electrical instrument inventors and makers. They 
have made many inventions and have obtained patents therefor. 
They are constantly experimenting in telephones and telephone appa- 
ratus, and they have an experimental telephone line frum their work- 
shop in Twenty-third Street to the office of the Molecular Telephone 
Company in Broadway, which is the same line in special interroga- 
tory No. 3 referred to. The line is not used for business or com- 
mercial purposes but for experiment only. 

The apparatus used on said line is substantially that descrihed in 
Letters Patent of the United States, numbered 228,824 and 228,825, 
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but it has been and is varied from time to time for the purpose of 
experiment. 

Defendants admit that the Molecular Telephone Company does 
intend and purpose when it shall have hereafter made the necessary 
arrangements to manufacture and use electric speaking telephone 
instruments of the character, kind and description substantially as 
described in said Letters Patent Nos. 228,824 and 22%,825, but de- 
fendants allege that said Molecular Telephone Company has lawful 
right s0 to do. Defendants deny that the said instruments so de- 
scribed in said patents Nos. 228,824 and 228,825, and about to be 
used by defendant, the Molecular Telephone Company, are substan- 
tially like those described in either of said Bell patents, or that said 
— by or according to the method ext ferth in clther 
of said Bell patents. 

Defendants, farther answering on information and belief, say that 
the apparatus used by the defendants in the suits in the -twenty- 
sixth paragraph of the bill of complaint mentioned was not the same 
but was substantially different, both in construction and in mode or 
method of operation, from the telephonic apparatus alleged in said 
bill to have been made, sold and used by defendants herein. 

These defendants, further answering, pray the same benefit of the 
facts and things herein set forth, as if for reason thereof they had 
demurred to said bill where a demurrer would have been proper, 
and the same benefit thereof as r 
said bill where a special plea would have been proper. 

And these defendants, further answering, deny the equity of said 
complainants’ bell, and say that the complainants are not entitled to an 
injunction, or an account of profits, or any other relief against these 
defendants, as prayed for in said bill of complaint; without this, 
that there is any other matter, cause or thing in the said complain- 
ants’ bill of complaint contained material or necessary for these 
defendants to make answer unto, and not herein and hereby well 
and sufficiently answered, traversed, confessed and avoided or 
denied, is not true to the knowledge or belief of these defendants. 

All which matters and things these defendants are ready and will- 
ing to aver, maintain and prove as this Honorable Court shall direct, 
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in this liy sustained. 
8 — ag TELEPHO COMPANY, 
y ELL, Secretary. 
GEO. BELL. 


42 and humbly pray to be hence arge with their reasonuble 
costs charge 
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and Others. 
WHEELER H. PECKHAM, OF G 
Uxtrep SrateEs OF 


State, City, County, und Southern District of New York, } 
ae —— — — — — I. 
aterbury, severally sworn, m deposes 
— * i the defendant named in the i ; 


Eg. 
re 


J. I. WATERBURY. 


Subecribed and sworn to before me this fifteenth ns angen A 
tember, 1883, by George Bell and John I. W 
subscribed and sworn to before me this seventesth day of Beptsmaber, 
1883, by Henry E. Waite and Samuel H. Bartlett, 
GEO. W. CARR, 


Notary Public, N. F. Co. 


(Endorsed :) Circuit court of the United States, southern district 
of New York. In equity. American Bell Telephone Company e 
Molecular Telephon — ow George Bell, Hen 1 Wal 
ants, e e en aite, 
Samuel H. Bartlett, and John H. W. aterbury. Miller, ham & 
Dixon, solicitors for defendants above named, 29 Wall street, New 
York. Wheeler H. Peckham, of counsel. (File-mark U. & cir- 

cuit court. Filed Sept. 21, 1883. Timothy Griffith, clerk. 


Replication. Filed Oct. 16, 1883. 
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The replication of the above-named com —— — vane 


to the answers of the Molecular T * Coe Bell, 
Henry E. Waite, Samuel H. Bartlett, and John aterbury. 


These repliants, saving and reserving unto themselves all and all 
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ie 
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manner of advantage of exception to the manifold insufficiencies of 
the said answer, for replication thereunto say that they will aver 
and prove their said bill to be true, certain, sufficient in the law 
to be answered unto, and that the said answer of the defendants is 
uncertain, untrue, and insufficient to be replied unto by these repli- 
ants, without this, that any other matter or thing whatsoever in the 
said answer contained, material or effectual in the law to be replied 
unto, confessed and avoided, traversed or denied, is true. 

All which matters and things these iants are and will be 
maha Cy pele kon 

umbly pray as in an r sai ve . 

8 a DICKERSON & DICKERSON. 
Complainant's Solicitors. 


(Endorsed:) United States circuit court, so. dist. of New York. 
Am. Bell Telephone Company 4 al. vs. Molecular Telephone Com- 
pany et al. Replication. Dickerson & Dickerson, complainants’ 

icitors, Temple court, 5 and 7 Beekman St, New York. (File- 


a ) U.S. circuit court. Filed Oct. 16, 1883. Timothy Griffith, 
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EVIDENCE FOR COMPLAINANTS. 


TAKEN PURSUANT TO THE SIXTY-SEVENTH RULE OF THE SUPREME 
COURT OF THE UNITED STATES, IN EQUITY, AS AMENDED, 


Present: Gnonan L. Roserts, Esq., of Counsel for Complainants ; 
Waserer H. Pecxnam, Eeq., and W. S. Knox, Esq., of 
Counsel for Defendants. 


Counsel for complainants puts in evidence : — 


1. Certified copy of Letters Patent No. 174,465, granted Alex- 
ander Graham Bell, March 7, 1876, which is marked “Exhibit Bell 
Patent, No. 174,465, Chas. H. Swan, Special Examiner.” 

2. Certified copy of Letters Patent No. 186,787, granted Alex- 
ander Graham Bell, Jan. 30, 1877, which is marked “ Exhibit Bell 
Patent No. 186,787, Chas. H. Swan, Special Examiner.” 

3. Certified copies of the following assignments : — 

A. Alexander Graham Bell to Gardiner G. Hubbard, trustee, 
dated July 1877, and recorded July 28, 1877, Liber R™, page 
399. 

B. Gardiner G. Hubbard, trustee, to the Bell Telephone Com- 
pany, dated July 20, 1878, and recorded October 3, 1878, Liber 
1*. page 460. 

C. Bell Telephone Company to American Bell Telephone Com- 
pany, dated June 22, 1880, and recorded June 24, 1880, Liber E, 
page 282; and the same are marked “ Exhibit Assignments, Chas. 
H. Swan, Special Examiner.” 

4. Certified copy of the charter of the American Bell Telephone 
Company, and also certified copy of the certificate of incorporation 


„ EVIDENCE FOR COMPLAINANTS. 


of the American Bell Telephone Company, and the same are 
marked Exhibit Complainants’ Incorporation.” 

5. Certified copy of the certificate of incorporation of the Moleo- 
ular Telephone Company, which is marked “Exhibit Defendants’ 
Incorporation.” 

6. Certified copy of the final decree in the equity case of 
American Bell Telephone Company et al. v. Albert L. Spencer ef al., 
in the United States Circuit Court for the District of Massachusetts, 
and the same is marked Exhibit Decree in Spencer Case, Chas. H. 
Swan, Special Examiner.” 

[Counsel for defendants objects to the Spencer decree as imma- 
terial. | 
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UNITED STATES PATENT OFFICE. 


ALExaxper Geanam BAL, or SL, Massacnvuserra. 


Specification forming part of Letters Patent No. 174,465, dated March 7, 1876; 
application Gled Febuary 14, 1876. 
To all whom d may concern: 

Be it known that I, — Guanes Bann, of Gin, Mases- 
chusetts, have invented certain new and useful Improvements in Te- 
legraphy, of which the following is a specification : — 

In Letters Patent granted to me April 6, 1875, No. 161,739, I 
have described a method of, and apparatus for, transmitting two or 
more telegraphic signals simultaneously along a single wire by the 
employment of transmitting instruments, each of which occasions 8 
succession of electrical impulses differing in rate from the others ; 
and of receiving instruments, each tuned to a pitch at which it will 
be pat in vibration to produce its fundamental note by one only of 
the transmitting inatruments; and of vibratory circuit-breakers 
operating to convert the vibratory movement of the receiving 
instrument into a permanent make or break (as the case may be) of 
a local circuit, in which is placed a Morse sounder, register, or 
other telegraphic apparatus. I have also therein described a form 
A Ce 
instruments. 

In illustration of my method of multiple telegraphy I have shown 
in the patent aforesaid, as one form of transmitting instrument, an 
electro-magnet having a steel-spring armature, which is kept in 
vibration by the action of a local battery. This armature in vibrat- 
ing makes and breaks the main circuit, producing an intermittent 
current upon the line-wire. I have found, however, that upon this 
plan the limit to the number of signals that can be sent simulta- 
neously over the same wire is very speedily reached; for, when a 
number of transmitting instruments, having different rates of vibra- 
tion, are simultaneously making and breaking the same circuit, the 
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effect upon the main line is practically equivalent to one continuous 
current. 

In a pending application for Letters Patent, filed in the United 
States Patent Office Feburary 25, 1875, I have described two ways 
of producing the intermittent current— the one by actual make and 

break of contact, the other by alternately increasing and diminish- 
ing the intensity of the current without actually breaking the circuit. 
The current produced by the latter method I shall term, for distine- 
tion sake, a pulsatory current. 

My present invention consists in the employment of a vibratory 
or undulatory current of electricity in contradistinction to a merely 
intermittent or pulsatory current, and of a method of, and — 
for, producing electrical undulations upon the line- wire. 

The distinction between an undulatory and a pulsatory current 
will be understood by considering that electrical pulsations are 
caused by sudden or instantaneous changes of intensity, and that 
electrical undulations result from gradual changes of intensity 
exactly analogous to the changes in the density of air occasioned by 
simple pendulous vibrations. The electrical movement, like the 
aerial motion, can be represented by a sinusoidal curve or by the 
resultant of several sinusoidal curves. 

Intermittent or pulsatory and undulatory currents may be of two 
kinds, accordingly as the successive impulses have all the same 
polarity or are alternately positive and negative. 

The advantages I claim to derive from the use of an undulatory 
current in place of a merely intermittent one are, first, that 6 very 
much larger number of signals can be transmitted simultaneou-ly 
on the same circuit; second, that a closed circuit and single main 
battery may be used; third, that communication in both directions 
is established without the necessity of special induction-coils ; fourth, 
that cable despatches may be transmitted more rapidly than by 
means of an intermittent current or by the methods at present in 
use; for, as it is unnecessary to discharge the cable before a new 
signal can be made, the lagging of cable-signals is prevented; fifth, 
and that as the circuit is never broken a spark-arrester becomes 
unnecessary. 


It has long been known that when a permanent magnet is caused 
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to approach the pole of an electro-magnet a current of electricity is 
induced in the coils of the latter, and that when it is made to recede 
a current of opposite polarity to the first appears upon the wire. 
When, therefore, a permanent magnet is caused to vibrate in front 
of the pole of an electro-magnet an undulatory current of electricity 
is induced in the coils of the electro-magnet, the undulations of 
which correspond, in rapidity of succession, to the vibrations of the 
magnet, in polarity to the direction of its motion, and in intensity to 
the amplitude of its vibration. 

That the difference between an undulatory and an intermittent 
current may be more clearly understood I shall describe the condi- 
tion of the electrical current when the attempt is made to transmit 
two musical notes simultaneously — first upon the one plan and then 
upon the other. Let the interval between the two sounds be a 
major third; then their rates of vibration are in the ratin of 4 to 5. 


Now, when the intermittent current is used the circuit is made 


and broken four times by one transmitting instrument in the same 
time that five makes and breaks are caused by the other. A and B, 
Figs. 1, 2, and 3, represent the intermittent currents produced, four 
impulses of B being made in the same time as five impulses of A. 
ccc, &c., show where and for how long time the circuit is made, 


and dd d. &c., indicatethe duration of the breaks of the circuit. 


The line A and B shows the total effect upon the current when the 
transmitting instruments for A and B are caused simultaneously to 
make and break the same circuit. The resultant effect depends 
very much upon the duration of the make relatively to the break. 
In Fig. 1 the ratio is as 1 to 4; in Fig. 2, as 1 to 2; and in Fig. 3 
the makes and breaks ure of equal duration. The combined effect, 
A and B, Fig. 3, is very nearly equivalent to a continuous current. 

When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit the 
current upon the main line becomes for all practical purposes con- 
tinuous. ; 

Next, consider the effect when an undulatory current is employed. 
Electrical undulations, induced by the vibration of a body capable 
of inductive action, can be represented graphically, without error, 
by the same sinusoĩdal curve! which expresses the vibration of the 
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inducing body itself, and the effect of its vibration upon the air; 
for, as above stated, the rate of oscillation in the electrical current 
corresponds to the rate of vibration of the including body — that is, 
to the pitch of the sound produced. The intensity of the current 
varies with the amplitude of the vibration — that is, with the loud- 
ness of the sound; and the polarity of the current corresponds to 
the direction of the vibrating body — that is, to the condensations 
and rarefactions of air produced by the vibration. Hence, the 
sinusoidal curve A or B, Fig. 4, represents, graphically, the elec- 
trical undulations induced in a circuit by the vibration of a body 
capable of inductive action. 

The horizontal line ade J, &c., represents the zero of current. 
The elevationa ö 6 ö, &c., indicate impulses of positive electricity. 
The depressions ccc, &c., show impulses of negative electricity. 
The vertical distance 6 d or c f of any portion of the curve from the 
zero-line expresses the intensity of the positive or negative impulse 


at the part observed, and the horizontal distance a a indicates the * 


duration of the electrical oscillation. The vibrations represented 
by the sinusoidal curves B and A, Fig. 4, are in the ratio aforesaid, 
of 4 to 5—that is, four oscillations of B are made in the same time 
as five oscillations of A. 

The combined effect of A and B, when induced simultaneously 
on the same circuit, is expressed by the curve A+B, Fig. 4, which 
is the algebraical sum of the sinusoidal curves A and B. This 
curve Arg also indicates the actual motion of the air when the 
two musical notes considered are sounded simultaneously. , Thus, 
_when electrical undulations of different rates are simultaneously 
induced in the same circuit, an effect is produced exactly analogous 
to that occasioned in the air by the vibration of the inducing bodies. 
Hence, the co-existence upon a telegraphic circuit of electrical vibra- 
tions of different pitch is manifested, not by the obliteration of the 
vibratory character of the current, but by peculiarities in the shapes 
of the electrical undulations, or, in other words, by peculiarities in 
the shapes of the curves which represent those undulations. 

There are many ways of producing undulatory currents of eleo- 
tricity, dependent for effect upon the vibrations or motions of bodies 
capable of inductive action. A few of the methods that may be 
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employed I shall here specify. When a wire, through which a con- 
tinuous current of electricity is passing, is caused to vibrate in the 
neighborhood of another wire, an undulatory current of electricity 
is induced in the latter. When a cylinder, upon which are arranged 
bar-magnets, is made to rotate in frout of the pole of an electro- 
magnet, an undulatory current of electricity is induced in the coils 
of the electro-maguet. ° 
Undulations are caused in a continuous voltaic current by the 
vibration or motion of bodies capable of inductive action ; or by the 
vibration of the conducting-wire itself in the neighborhood of such 
bodies. Electrical undulations may also be caused by alternately 
increasing and diminishing the resistance of the circuit, or by 
alternately increasing and diminishing the power of the battery. 
The iuternal resistance of a battery is diminished by bringing the 
voltaic elements nearer together, and increased by placing them 
farther apart. The reciprocal vibration of the elements of a battery, 
therefore, occasions an undulatory action in the voltaic current. 
The external resistance may also be varied. For instance, let mer- 
cury or some other liquid form part of a voltaic circuit, then the 
more deeply the cunducting-wire is immersed in the mercury or 
other liquid, the less resistance does the liquid offer to the passage 
of the current. Hence, the vibration of the conducting-wire in mer- 
cury or other liquid included in the circuit occasions undulations in 
the current. The vertical vibrations of the elements of a battery in 
the liquid in which they are immersed produces an undulatory 
action in the current by alternately increasing and — the 
power of the battery. ' 
In illustration of the method of creating electrical undulations, I 
shall show and describe one form of apparatus for producing the 
effect. I prefer to employ for this purpose an electro-magnet, A, 
Fig. 5, having a coil upon only one of its legs 6. A steel-spring 
armature, c, is firmly clamped by one extremity to the uncovered 
leg d of the magnet, and its free end is allowed to project above 
the pole of the covered leg. The armature c can he set in vibration 
in a variety of ways, one of which is by wind, and, in vibrating, it 
produces a musical note of a certain definite pitch. 
When tho instrument A is placed in a voltaic circuit, g ö e fg, 
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the armature ¢ becomes magnetic, and the polarity of its free end is 
opposed to that of the magnet underneath. So long as the arma- 4 


ture c remains at rest, no effect is produced upun the voltaic current, ? 
but the moment it is set in vibration to produce its musical note . 
a powerful inductive action takes place, and electrical undulations 1 
traverse the cironit g õ e f g. The vibratory current passing through 

the coil of the electro- magnet F causes vibration in its armature h [- 
when the armature e hk of the two instruments A I are normally iu 8 


unison with one another; but the armature A is unaffected by the 

passage of the undulatory current when the pitches of the two ; 

inst i uments are different. 1 $: 
A number of instruments may be placed upon a telegraphic cir- | : 

cuit, as in Fig.6. When the armature of any one of the instruments 

is set in vibration all the other instruments upon the circuit which 

are in unison with it respond, but those which have normally a. 

different rate of vibration remain silent. Thus, if A, Fig. 6, is set 

in vibration, the armatures of Al and A“ will vibrate also, but all 

the otbers on the circuit will remain still. So if Bi is caused to * 


emit its musical note the instruments B B* respond. They con- 
tinue sounding so long as the mechanical vibration of Bi is con- 
tinued, but become silent with the cessation of ite motion. The 3 
duration of the sound may be used to indicate the dot or dash of 2 
the Morse alphabet, and thus a telegraphic dispatch may be indicated 
by alternately interrupting and renewing the sound. When two or 
more instruments of different pitch are simultaneously caused to 
vibrate, all the instruments of corresponding pitches upon the cir- 
cuit are set in vibration, each responding to that one only of the 
transmitting instruments with which it is in unison. Thus the sig- 
nals of A, Fig. 6, are repeated by Al and A“, but by no other 
instrument upon the circuit; the signals of B* by B and B'; and the 
signals of Ci by C and C* whether A, P, and Ci are successively 
or simultaneously caused to vibrate. Hence by these instruments 
two or more telegraphic signals or messages may be sent simulta- 
neously over the same circuit without interfering with one another. 2 

I desire here to remark that there are many other uses to which 
these instruments may be put, such as the simultaneous transmission 
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of musical notes, differing in loudness as well as in pitch, and the 
telegraphic transmission of noises or sounds of any kind. 

When the armature c, Fig. 5, is set in vibration the armature 
hk responds not only in pitch but in loudness. Thus, when c 
vibrates with little amplitude, a very soft musical note proceeds 
from A; and when c vibrates forcibly the amplitude of the vibration 
of A is considerably increased, and the resulting sound hecomés 
louder. So, if A and B, Fig. 6, are sounded simultaneously, (A 
loudly and B softly,) the instruments Al and A“ repeat loudly the 
signals of A, and B' B® repeat softly those of B. 

One of the ways in which the armature c, Fig. 5, may be set in 
vibration has been stated above to be by wind. Another mode is 
shown in Fig. 7, whereby motion can be imparted to the armature 
by the human voice ur hy means of a musical instrument. 

The armature c, Fig. 7, is fastened loosely by one extremity to 
the uncovered leg d of the electro-magnet ö, and its other extrem- 
ity ia attached to the centre of a stretched membrane, a. A cone, 
A, is used to converge sound vibrations upon the membrane. When 
a sound is uttered in the cone the membrane a is set ia vibration, 
the armature e is forced to partake of the motion, and thus electrical 
undulations are created upon the circuit Ebe fg. These undulations 
are similar in form to the air vibrations caused by the sound — that 
is, they are represented graphically by similar curves. The undu- 
latory current passing through the electro-magnet F influences its 
armature I to copy the motion of the armature e. A similar sound 
to that uttered into A is then heard to proceed from L. 

In this specification the three words “oscillation,” “ vibration,” 
and “undulation,” are used synonymously, and in contradistinction 
to the terms intermittent and “pulsatory.” By the term body 
capable of inductive action,” I mean a body which, when in motion, 
produces dynamical electricity. I include in the category of bodies 
capable of inductive action — brass, copper, and other metals, as well 
as iron and steel. 

Having described my invention, what I claim, and desire to secure 
by Letters Patent, is as follows : 

1. A system of telegraphy in which the receiver is set in vibra- 
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tion by the employment of undulatory currents of electricity, sub- 
stantially as set forth. 

2. The combination, substantially as set forth, of a permanent 
magnet or other body capable of inductive action, with a closed 
circuit, so that the vibration of the one shall occasion electrical 
undulations in the other, or in itself, and this I claim, whether the 
permanent magnet be set in vibration in the neighborhood of the 
conducting-wire forming the circuit, or whether the conducting- 
wire be set in vibration in the neighborhood of the permanent mag- 
net, or whether the conducting-wire and the permanent magnet both 
simultaneously be set in vibration in each other’s neighborhood. 

3. The method of producing undulations in a continuous voltaic 
current by the vibration or motion of bodies capable of inductive 
action, or by the vibration or motion of the conducting-wire itself, 
in the neighborhood of such bodies, as set forth. 

4. The method of producing undulations in a continuous voltaic 
circuit by gradually increasing and diminishing the resistance of the 
circuit, or by gradually increasing and diminishing the power of the 
battery, as set forth. 

5. The method of, and apparatus for, transmitting vocal or other 
sounds telegraphically, as herein described, by causing electrical 
undulations, similar in form to the vibrations of the air acoompany- 
ing the said vocal or other sounds, substantially as set forth. 

In testimony whereof I have hereunto signed my name this 20th 
day of January, A. D. 1876. 

ALEX. GRAHAM BELL. 
Witnesses : 
Tuomas E. Barry, 
P. D. Ricuarps. 
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ALExaNpDerR GraHam BeLL, or Boston, Massacnusetts. 


* Specification forming part of Letters Patent No. 186,787, dated January 30,°1877; 
application fled January 15, 1877. 


Tu all whom it may concern: 6 

Be it known that I, ALExaxper Granam Bas. L., of Boston, Mas- 
sachusetts, have invented certain new and useful Improvements in 
Electric Telephony, of which the following is a specification : 

In Letters Patent granted to me the 6th day of April, 1875, 
No. 161,739, and in an application for Letters Patent of the United 
States nuw pending, I have described a method of and apparatus 
for producing musical tones by the action of a rapidly-interrupted 
electrical current, whereby a number of telegraphic signals can be 
sent simultaneously alung a single circuit. 

a Iu another application fur Letters Patent now pending in the 
’ United States Patent Office I have described a method of and 


apparatus for inducing an intermittent current of electricity upon a 

line- wire, whereby musical tones can be produced and a num!-er of 

: tele gra;-hic signals be sent simultanevusly over the same circuit, in 
5 either or in both directions; and in Letters Patent granted to me 
March 7, 1876, No. 174,465, I have showa and described a method 
of an apparatus for produciug musical tones by the action of undu- 
latory curreuts of electricity, whereby a number of telegraphic 
signals can be sent simultaneously over the same circuit, in either 4 
ee , 4.4 
circuit. a 
Iu the applications and patents above yolerred tog siguiale are 
transmitted simultaneously along a single wire: by. the:employment 
of transmitting-instruments, each of which occasions a buen of 
electrical impulses differing in rate from the others, und are received 


without confusion by means of receiving-instruments, each tuned to 
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a pitch at which it will be put in vibration to produce its funda- 


_ mental note by one only of the transmitting-instruments. A Spa- 


rate instrument is therefore employed for every pitch, each instru- 
ment being capable of transmitting or receiving but a single note, 
and thus as many separate instruments are required as there are mes- 
sages or musical notes to be transmitted. 

My invention has for its object, first, the transmission simulta- 
neously of two or more musical notes or telegraphic signals along a 
single wire in either or both directions, and with a single battery 
for the whole circuit without the use of as many instruments as 
there are musical notes or telegraphic signals to be transmitted ; 
second, the electrical transmission by the same means of articulate 
speech and sound of every kind, whether musical or not; third, 
the electrical transmission of musical tones, articulate speech, or 
sounds of every kind, without the necessity of using a voltaic 
battery. 

In my Patent No. 174,465, dated March 7, 1876, I have shownas 
one form of transmitting-instrument a stretched membrane, to which 
the armature of an electro-magnet is attached, whereby motion can 
be imparted to the armature by the human voice, or by means of a 
musical instrument, or by sounds produced in any way. 

In accordance with my present invention I substitute for the 
membrane and armature shown in the transmitting and receiving 
instruments alluded to above a plate of iron or steel capable of being 
thrown into vibration by sounds made in its neighborhood. 

The nature of my invention and the manner in which the same is 
or my be carried into effect will be understood by reference to the 
accompanying drawings, in which — 

Figure 1 is a perspective view of one form of my electric tele- 
phone. Fig. 2 is a vertical section of the same, and Fig. 3 is a plan 
view of the apparatus. Fig. 4 is a diagram illustrating the arrange- 
ment upon circuit. 

Similar-letters in the drawings represent corresponding portions of 
the apparatus. 

A in said drawings represents a plate of iron or stecl, which is 
fastened at B and C to the cover or sounding-box D. E represents 


a speaking-tube, by which sounds may be conveyed to or from the 
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plate A. F is a bar of soft iron. G is a coil of insulated copper 
wire, placed around the extremity of the end H of the bar F. I is 
an adjusting-screw, whereby the distance of the end H from the plate 
A may be regulated. 

The electric telephones J, K, L, and M are placed at different 
stations upon a line, and are arranged upon circuit with a battery, 
N, as shown in diagram, Fig. 4. ; 

I have shown the apparatus in one of its simplest forms, it being 
well understood that the came may be varied in arrangement, com- 
bination, general constructivun, and form, as well as material of 
which the several parts are composed. 

The operation and use of this instrument are as follows : 

I would premise by saying that this instrument is and may be 
used both as a transmitter and as a receiver — that is to say, the 
sender of the message will use an instrument in every particular 
identical in construction and operation with that employed by the 
receiver, so that the same instrument can be used alternately as a 
receiver and a transmitter. 

In order to transmit a telegraphic message by means of these 
instruments, it is only necessary for the operator at a telephone 
(say J) to make a musical sound in any way in the neighborhood 
of the plate A — for convenience of operation, through the speak- 
ing-tube E — and to let the duration of the sound signify the dot or 
dash of the Morse alphabet, and for the operator who receives his 
message (say at M) to listen to his telephone, preferably through 
the speaking-tuhe E. When two or more musical signals are being 
transmitted over the same circuit all the telephones reproduce the 
signals for all the messages; but as the signals for each message 
differ in pitch from those for the other messages, it is easy fur an 
operator to fix his attention upon one message and ignore the 
other. 

When a large number of despatches are being simultaneously 

transmitted it will be advisable for the operator to listen to his 

telephone through a resonator, which will re-enforce to his ear the 

signals which he desires to observe. In this way he is enabled to 

direct his attention to the signals for any given message without 
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being distracted or disturbed by the signals for any other meseages 7 
that may be passing over the line at the time. fe 


The musical signals, if preferred, can be automatically received . 
by means of a resonator, one end of which is closed by a membrane, * 
which vibrates only when the note with which the rezonator is in 
unison is emitted by the receiving-telephone. The vibrations of 


the membrane may bo made to operate a circuit-brenker, which will 
actuate a Morse sounder ora telegraphic recording or registering a. 
apparatus. 

One form of vibratory circuit-breaker which may be used for this 
purpose I have described in Letters Patent No. 178,399, June 6, | 
1876. Hence by this plan the simultaneous transmi-sion of a num- - 
ber of telegraphic messages over a single circuit in the same or in * 
both directions with a single main battery for the whole circuit ’ 
and a single telephone at each station is rendered practicable. This 3 
is of great advantage in this, that for the conveyance of several 3 
messages, or signals, or sounds over a single wire simultaneously, * 
it is no longer necessary to have separate instruments correspond- 0 
ingly tuned for each given sound, which plan requires nice adjust 
ment of the corresponding instruments, while the present improve- 
tt ment admits of a single instrument at each station, or, if for con- 
venience several are employed, they all are alike in construction, 
and need not be adjusted or tuned to particular pitches. 3 

Whatever sound is made in the neighborhood of any telephone — 17 
say at J, Fig. 4 — is echoed in fac-simile by the telephones af all 
the other stations upon the circuit; hence this plan is also adapted 
for the uze of the transmitting intelligibly the exact sounds of artic- 
ulate speech. To convey an articulate message it is only necessary 
for an operator to speak in the neighborhood of his telephone, 
preferably through the tube E, and for another operator at a distant 
: station upon the same circuit to listen to the telephone at that sta- 
a tion. If two persons spexk simultaneously in the neighborhood of 4 
the same or different telephones, the utterances of the two speakers 9 
are reproduced simultaneously by all the other telephones on the 5 
same circuit; hence by this plan a number of vocal messages may 
he transmitted simultaneously on the same circuit, in either or both +a 
33 directions. All the effects noted above may be produced by the 
4: : 13 
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same instruments without a battery by rendering the central bar F H 
permanently magnetic. Another form of telephone for use without 
a battery is shown in Fig. 5, in which O is a compound permanent 
magnet, to the poles of which are affixed poll-picces of soft iron, P Q. 
surrounded by helices of insulated wire R S. 

Fig. 6 illustrates the arrangement upon circuits of similar instru- 
ments to that shown in Fig. 5. 

In lien of the plate A in above figures, iron or steel reeds of de- 
nite pitch may be placed in front of the electro-magnet O, and, in 
connection with a series of such instruments of different pitches, an 
arrangement upon circuit may be employed similar to that shown in 
my Patent No. 174,465, and illustrated in Fig. 6 of Sheet 2 in said 
patent. The. battery, of course, may be omitted. 

This invention is not limited to the use of iren or steel, but 
includes within its scope any material capable of inductive action. 

The cseential feature of the invention consists in the armature of 
the receiving-instrument being vibrated by the varying attraction of 
the electro-magnet so as to vibrate the air in the vicinity thereof ia 
the same manner as the air is vibrated at the other end by the produc- 
tion of the sound. It is, therefore, by no means necessary or essential 
that the transmitting-instrument should be of the same construction 

as the receiving · instrument. Any instrument receiving and trans- 
— the impression of agitated air may be used as the transmitter, 
although, for convenience and for reciprocal commanication, I prefer 
to use like instruments at cither end of an electrical wire. I have 
heretofore described and exhibited such other means of transmitting 
sound, as will be seen by reference to the proceedings of the Ameri- 
can Academy of Arts and Sciences, Volume XII. 

For convenience, I prefer to apply to each instrument a call-bell. 
This may be arranged so as to ring, first, when the main circuit is 
opened ; second, when the har F comes into contact with the plate A. 
The first is done to call attention; the second indicates when it is 
necessary to readjust the magnet, for it is important that the dis- 
tance of the magnet from the plate should be as little as possible, 
without, however, being in contact. I have also found that the 
electrical undulations prodaced upon the main line by the vibration 


of the plate A are intensified by placing the coil G at the end of the 
18 
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bar F nearest the plate A, and not extend it beyond the middle, or 
thereabout. | 

Having thus described my invention, what I claim, and desire to 
secure by Letters Patent, is— 

1. The union upon, and by means of, an electric circuit of two or 
more instruments, constructed for operation substantially as herein 
shown and described, so that, if motion of any kind or form be pro- 
duced in any way in the armature of any one of the said instruments, 
the armatures of all the other instruments upon the same circuit will 
be moved in like manner and form, and if such motion be produced 
in the former by sound, like sound will be produced by the motion 
of the latter. 

2. Ina system of electric telegraphy or telephony, consisting of 
transmitting and receiving instruments united upon an electric cir- 
cuit, the production, in the armature of each receiving-instrument, of 
any given motion by subjecting said armature to an attraction vary- 
ing in intensity, however such variation may be produced in the 
magnet; and hence I claim the production of any given sound or 
eounds from the armature of the receiving-instrument by subjecting 
said armature to an attraction varying in intensity, in such manner 
as to throw the armature into that form of viliation that character- 
izes the given sound or sounds. 

3. The combination, with an electro-magnet, of a plate of iron or 
steel. or other material capable of inductive action, which can be 
thrown into vibration by the movement of surrounding air or by the 
attraction of a magnet. 

4. In combination with a plate and electro magnet, as before 
claimed, the means herein described, or their mechanical equivalents, 
of adjusting the relative position of the two so that, without touch- 
ing, they may be set as closely together as possible. 

5. The formation, in an electric telephone such as herein shown 
and described, of a magnet with a coil upon the end or ends of the 

6. The combination, with an electric telephone such as described, 
of a sounding-box, substantially as herein shown and set forth. 

7. In combination with an electric telephone, as herein described, 
14 
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the employment of a speaking or hearing tube for conveying sounds 
to or from the telephone, substantially as set forth. 

8. In a system of electric telephony, the combination of a per- 
manent magnet with a plate of iron or steel, or other material capa- 
his of inductive action, with coils upon the end or ends of said magnet 
nearest the plate, substantially as set forth. 

In testimony whereof I have hereunto signed my name this 13th 
day of January, A. D. 1877. | 


A. GRAHAM BELL. 


Witnesses : 
Heuser R. Exuzorr, 
Ewsut A. Dran. 
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Lr ASSIGNMENTS, C. H. a. EXAMINER. 
BELL TO HUBBARD. 


Assicnment oF Parext Rent. 
Liber N, P. 399. 


To all whom it may concern: 

Whereas, Alexander Graham Bell, of Boston, in the County of 
Suffolk and State of Massachusetts, did obtain three several Let- 
ters Patent of the United States for an improved system of teleg- 
raphy, telephony and telephonic apparatus, which Letters Patent 
bear date respectively, March seventh, A. D. eighteen hundred and 
seventy-six, and numbered 174,465; June sixth, A. D. eighteen 
hundred and seventy-six, and numbered 178,399; and January 
thirtieth, A. D. eighteen hundred and seventy-seven, and numbered 
186,787. | 

And whereas, Gardiner G. Hubbard of Cambridge, in the County 
of Middlesex and State of Massachusetts, Trustee, is desirous of 
acquiring an interest therein ; Now this Indenture witnesseth that for 
a valuable consideration, viz., one dollar, and other valuable consid- 
eration to me in hand paid, the receipt of which is hereby acknowl- 
edged, I have assigned, sold and set over, and by these presents do 
assign, sell and set over unto the said Gardiner G. Hubbard, Trus- 
tee, all the right, title and interest I have in the above-described 
invention, as secured to me by Letters Patent, for, to and in the 
United States and Territories, and in no other place or places. The 
same to be held and enjoyed by the said Gardiner G. Hubbard, 
Trustee, for his own use and behoof, and fur the use and behoof of 
his legal representatives, to the full end of the term for which said 
Letters were granted, as fully and entirely as the same would have 
been held and enjoyed by me had this assignment and sale not been 
made. . 

In testimony whereof, I have hereunto set my hand and affixed 
my seal this day of July, in the year of our Lord one 
thousand eight hundred and seventy-seven. 


ALEXANDER GRAHAM BELL. Cesar! 


Sealed and delivered in presence of 
Caas. Evaris Hussarp. 
Recorded July 28, 1877. 
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; a EVIDENCE FOR COMPLAINANTS. 
8 N HUBBARD TO BELL TELEPHONE COMPARY. 
5 AssicnMEmT oF Patent Ricar. * 
8 Liber IN, p. 460. , 
a E To all whom d may concern ; — . 
= : Whereas, Alexander Graham Bell, of Salem, Massachusetts, as 
iS assignor to himself, Thomas Sanders and Gardiner G. Hubbard, did 


Bf obtain Letters Patent of the United States, bearing date April 6, 
3 1875, and numbered 161, 739; and whereas said Alexander Graham 
Bell did obtain Letters Patent of the United States, bearing date 
March 7, 1876, and numbered 174,465; bearing date June 6, 1876, 
and numbered 178,399; and bearing date January 30, 1877, and 
numbered 186,787, all of said Letters Patent being for improvements 


. | in Telegraphy, Telephony and Telephonic Apparatus,” invented by 
11 said Alexander Graham Bell; and whereas all of said Letters Patent 
= | have been assigned to Gardiner G. Hubbard, trustee, said Letters 
— 1 numbered 161,739, by deed of assignment, delivered July 9, 1877, 
* and recorded in Liber T™, page 448 of Transfers of Patents; and 


said Letters numbered 174,465, 178,399 and 186,787, by deed of 
assignment, delivered July 9, 1877, and recorded in Liber N, page 
399 of Transfers of Patents; and said Hubbard, Trustee, is now the 
owner of the above-described inventions secured by said Letters 
Patent; and whereas the Bell Telephone Company, a corporation 
duly established under the laws of the Commonwealth of Massachu- 
setts, and located at Boston, is desirous of acquiring ‘the ownership 
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a of said inventions secured by said Letters Patent. 
33 Now, this Indenture witnesseth that I, Gardiner G. Hubbard, 
= * Trustee, in consideration of one dollar, and other valuable considera- 
| =a tion to me in hand paid by eaid Bell Telephone Company, the 
a3 ae receipt whereof is hereby acknowledged, have assigned, sold and set 
3 = | over, and by these presents do assign, sell and set over unto the said 
3 + Bell Telephone Company, all my right, title and interest in the 
. above-described inventions and in and to eaid Letters Patent, each 

3 and all of them, the came to be held and enjoyed by the said Bell 

Sa Telephone Company for its own use and behoof, and for the use and 
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behoof of its legal representatives to the full end of the term for 
‘which said Letters were granted, and any extension or reissue thereof 
as fully and entirely as the same would have been held and enjoyed 
by me had this assignment and sale not been made. 

In testimony whereof, I have hereunto set my hand and seal this 
twentieth day of July, in the year eighteen hundred and seventy- 
eight, being thereto duly authorized. . 

- GARDINER G. HUBBARD, Trustee. [SAL 

In presence of 

C. E. Hupparp. 
R. W. Devonsaire. 


Recorded Oct. 3, 1878. 


BELL TELEPHONE CO. TO AMERICAN BELL TELEPHONE CO. 

Liber IT, p. 282. 

Know all men by these presents, That the Bell Telephone Company, 
a corporation established under the laws of the Commonwealth of 
Massachusetts, in consideration of one dollar to it paid by the Ameri- 
can Bell Telephone Company, a corporation established under the 
laws of said Commonwealth, the receipt whereof is hereby 
acknowledged, does hereby grant and couvey unto said American 
Bell Telephone Company the exclusive right under the following 
patents to all the territory of the United States except the State of 
Massachusetts, viz.: Letters Patent No. 174,465, issued March 7, 
1876, to Alexander Graham Bell for an improvement in telegraphy, 
and Letters Patent No. 186,787, issued January 30, 1877, to said 
Alexander Graham Bell for an improvement in electric telegraphy 
and in and to the inventions therein described or intended to be 

To have and to hold the same to the said American Bell Telephone 
Company, its successors and assigns, to their own use and behoof 
forever. 3 

This instrument is made at the request of the National Bell Tele- 
phone Company in pursuance of an agreement between said Bell 
Telephone Company and said National Bell Telephone Company, 
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dated March 20, 1879, said American Bell Telephone Company 
being the appointees of said National Bell Telephone Company to 
receive this conveyance, and in pursuance of an agreement between 
said National Bell Telephone Company and said American Bell Tel- 
ephone Company, dated May 8, 1880. 


In witness whereof, said Bell Telephone Company has caused its 


corporate seal to be hereto ‘affixed and these presents to be signed 
in its name and behalf by William H. Forbes, its president, and 
William R. Driver, its treasurer, thereto duly suthorized, this 
twenty-second day of June, A. D. 1880. 
Ex THE BELL TELEPHONE COMPANY, 
By. W. H. Fores, Pres’t. 
Wu. R. Driver, Treasurer. 


EXHIBIT COMPLAINANTS’ INCORPORATION. 
Chapter 117. 
COMMONWEALTH OF MASSACHUSETTS. 
IN THE YEAR ONE THOUSAND EIGHT HUNDRED AND EIGHTY. 


AN ACT to Incorporate the Amcrican Bell Telephone Company. 

Be it enacted by the Senate and House of Representatives, in Gen- 
eral Court assembled, and by the authority of the same, as 
follows : — 


Secrion 1. Alexander Graham Bell, William H. Forbes, George 
Z. Silsbee, Richard S. Fay, Alexander Cochrane, George, L. Bradley, 
Francis Blake, Jr., Thomas Sanders and Charies Eustis Hubbard, 
and their associates, may associate themselves and organize a cor- 
poration, according to the provisions of chapter two hundred and 
twenty-four of the acts of the year eighteen hundred and seventy, 
and the acts in amendment thereof and addition thereto, for the pur- 
pose of manufacturing, owning, selling, using and licensing others 
to use electric speaking telephones and other apparatus and appli- 
ances pertaining tq the transmission of intelligence by electricity, 
and for that purpose constructing and maintaining by itself and its 
licensees public and private lines and district exchanges, with a capi- 
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tal stock exceeding one million of dollars and not exceeding ten 
millions of dollars. 

Szcrion 2. For the purposes aforesaid, said corporation may 
become a stockholder in, or become interested with other corpora- 
tions hereafter organized for like purposes, or already established 
for the transaction of telephonic business under its patents and no 
others: provided, that said corporation shall not become a stock- 
bolder in any other corporation doing business in this State to an 
amount exceeding thirty per cent of the capital stock of said last- 
named corporation. And it and its licensees may, within this Com- 
monwealth, enjoy the rights given by chapter sixty-four of the 
General Statutes and acts amendatory thereof, and shall be subject 
to the liabilities therein imposed ; but section ten of said chapter 
shall only apply to their public lines; and the apportionmeot pro- 
vided by section five of chapter two hundred and eighty-three of the 
acts of the year eighteen hundred and sixty-five, and acts amendatory 
thereof, shall be made upon the number of telephones in use by it, 
or under its authority, or with its permission, or under Letters Patent 
owned or controlled by it, within and without this Commonwealth, 
respectively ; and the returns to be made under said act shall state 
the facts required fer such apportionment in such form as the tax 
commissioner may determine ; and it shall be the duty of said tax 
commissioner or his deputy to anaually examine the books, accounts 
and papers of said corporation, so far as may be necessary for the 
verification of said returns. 

Secrion 3. When an injury is done to a person or to property 
by the posts, wires, telephones or other apparatus of the corpora- 
tion, caused by any negligence on the part of itself or its officers, or 
on the part of any of its agents, servants, employés or operatives, 
the corporation shall be responsible ia damages to the party injured. 

Sezorron 4. The franchise or charter of said corporation shall not 
be sold or offered for sale, or leased to any company, or to any per- 
son or association of persons, without the consent of the Legislature ; 
and any contract made contrary to the provisions of this act shall be 
void. And this charter may be revoked by the Legislature for any 
eause which they deem sufficient. 

Szorion 5. The:provisions of the firet and second sections of the 
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three hundred and tenth chapter of the acts of the year eighteen 
hundred and sixty-eight shall apply to said telephone company and 
its licensees. Said corporation shall be subject to all general laws 
that now are or that may be hereafter in force relating to similar 
corporations, so far as the same shall not be inconsistent with the 
provisions of this act. 

Secrion 6. This act shall take effect upon its passage. 


House or Representatives, March 12, 1880. 


Passed to be enacted. 
Cuartes J. Norns, Speaker. 


1 ¥ | 7 4 0 4 5 
1 


In Senats, March 17, 1880. 
Roserr R. Bisner, President. 


Passed to be enacted. 


March 19, 1880. Approved. 1 
Sronrranr's Department, Boston, March 19, 1880. 
A true copy. 
Wituess the seal of the Commonwealth. 
[SEAL] ; Henry B. Pemce, 
Secretary of the Commonwealth. 
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COMMONWEALTH OF MASSACHUSETTS. 
Ho. 1077. a ’ 


Boe it known that whereas W. H. Forbes, George L. Bradley, G. Z. 
Sillshee, Charles Eustis Hubbard, Francis Blake, W. G. Saltonstall, 
Richard S. Fay, R. W. Devonshire, Charles Emerson, Thomas B. 
Bailey and C. M. Whitcomb have associated themselves with the 
intention of forming a corporation under the name of the American 
Bell Telephone Company, for the purpose of manufacturing, owning, 
selling, using and licensing others to use electric speaking telephones, 
and other apparatus and appliances pertaining to the transmission of 
intelligence by electricity, and for that purpose constructing and 
maintaining, by itself and its licensees, public and private lines and 
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district exchanges, with a capital of seven million three hundred and 
fifty thousand dollars, and have complied with the provisions of 
the statutes of this Commonwealth in such case made and provided, 
as appears from the certificate of the President, Treasurer and 
Directors of said corporation, duly approved by the Commissioner of 
Corporations, and recorded in this office : 

Now, therefore, I, Heary B. Peirce, Secretary of the Common- 
wealth of Massachusetts, do hereby certify that said W. H. Forbes, 
G. L. Bradley, G. Z. Silsbee, C. E. Hubbard, F. Blake, W. G. 
Saltonstall, R. S. Fay, R. W. Devonshire, C. Emerson, T. B. Bailey 
and C. M. Whitcomb, their associates and successors, are legally 
organized and established as and are hereby made an existing cor- 
poration under the name of the American Bell Telephone Company, 
with the powers, rights and privileges, and subject to the limitations, 
duties and restrictions, which by law appertain thereto. 

Witness my official signature hereunto subecribed, and the seal of 
the Commonwealth of Massachusetts hereunto affixed this seventeenth 
day of April, in the year of our Lord one thousand eight hundred 
and eighty. 

(Signed) HENRY B. PEIRCE, 
[seat] } Secretary of the Commonwealth. 


CoMMONWEALTH OF MassaCHUSETTS. 
Secerrary’s Derartuent, Boston, Oct. 13, 1880. 


I hereby certify that the foregoing is a true copy of the certificate 
of incorporation of the American Bell Telephone Company, organized 
under the provisions of chapter two hundred and twenty-four of the 
Acts of the year eighteen hundred and seventy, and chapter one hun- 
dred and seventeen, of eighteen hundred and eighty, having “ the 
force and effect of a special charter,” as appears by the records of this 
department. 

Witness the seal of the Commonwealth. 

HENRY B. PEIRCE, 

[szaL] Secretary of the Commonwealth. 
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EXHIBIT DEFENDANTS’ INCORPORATION, CHAS. EH. SWAN, 
SPECIAL EXAMINER. 


CERTIFICATE OF INCORPORATION OF THE MOLECULAR 
TELEPHONE COMPANY. 


Strate or New York, } 
City axp County or New York, 


We, George Bell, Frederick C. Bartlett and Gilbert T. Sewall, 


all of the city, county and State of New York, do hereby certify 


that we desire to and do hereby form a Company pursuant to the 
provisions of an Act of the Legislature of the State of New York 
entitled “An Act to authorize the formation of Corporations for 
manufacturing, mining, mechanical or chemical purposes” passed 
February 17th, 1848, and of the several Acts extending and amend- 
ing the same. 

That the corporate name of said Company is to be the Molecular 
Telephone Company.” 

That the objects for which the said Company is formed are to 
manufacture, sell, lease and license the use of telephones and 
telephonic instruments and also to erect and maintain wires and 
posts and to carry on the general business of transmitting messages 
by means of telephones, telephonic instruments and wires. 

That the term of the existence of the said Company is to be fifty 
years. 

That the amount of the Capital Stock of the said Company is to 
be one million dollars ($1,000,000), to consist of ten thousand 
(10,000) shares of one hundred (100) dollars each. 

The number of the Trustees of the said Company shall be five. 

And that the names of such Trustees who shall manage the 
concerns of said Company for the first year are George Bell, 
Frederick C. Bartlett, Gilbert T. Sewall, Charles F. Livermore and 
Henry Wait all of the City of New York. 

The said Company is formed for the purpose of carrying on some 


part of its business outside of the State of New York, and the 


names of the City and County in which the principal part of the 
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business of the said Company is to be transacted are the City of 
New York and County of New York. 

In witness whereof we have hereunto set our hands this eighteenth 
day of June, one thousand eight hundred and eighty. 
GEO. BELL. 
FREDERICK C. BARTLETT. 
G. T. SEWALL. 


Srate or New York, } 
Crrr um County or New York, 


On this eighteenth day of June, in the year one thousand eight 
hundred and eighty, before me personally came and appeared George 
Bell, Frederic C. Bartlett and Gilbert T. Sewall to me known and 
known to me to be the individuals described in and who exeouted 
the foregoing instrument and they severally acknowledged to me 
that they executed the same. 


Jom THEALL, 
Notary Public, New York. 
Filed 19 June, 1880. 
State or New York, } 
Crrr um County or New York, 


I, Patrick Keenan, Clerk of the said City and County, and Clerk 
of the Supreme Court of said State for said County, do certify that 
I have compared the preceding with the original Certificate of 
Incorporation on file in my office, and that the same is a correct 

transcript therefrom, and the whole of such original. ä 

In witness whereof, I have hereunto subscribed my name, and 

affixed my official seal, — Ss SE | 


[emaL] Patrick Keenan, | 
Clerk. 
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EXHIBIT DECREE IN SPENCER CASE. CHAS. H. SWAN, 
SPECIAL EXAMINER. 


CIRCUIT COURT OF THE UNITED STATES. 
DISTRICT OF MASSACHUSETTS. 
m EQUITY. 
— — Comrany Er st. 


Au L. SPEXCER ET AL. 


DECREE. 

This cause came on to be heard upon the bill, answer, replica- 
tion and proofs, and was argued by counsel and considered by the 
Court, whereupon it is now, to wit, Aug. 27, 1881, ordered, adjudged 
and decreed that Alexander Graham Bell is the original and first 
inventor of the invention specified in the fifth claim of the patent 
numbered 174,465, granted to said Bell, March 7, A. D. 1876, and 
the fifth, sixth and eighth claims of the patent numbered 186,787, 
granted to said Bell, Jan. 30, 1877, being the claims in respect of 
which the proofs were taken; that the said patents are good and 
valid patents therefor; and the complainants waiving a reference to 
a master to ascertain profits and damages, and accepting nominal 
damages, it is further ordered that the defendants pay to the plain- 
tiff the sum of one dollar as profits and damages, and also costs taxed 


at „ and that they be perpetually enjoined from further in- 
fringing the said patents. 
By the Court, | 
ALEX. H. TROWBRIDGE, 


Attest: Alm. H. Trowsripez, 
Deputy Clerk. 


S 


DEPOSITION OF DANIEL M. ADEE. 
Direct Examination by Gronce L. Ronerts, Esq., of Counsel for 
Complainants. 

Boston, January 16, 1884. 


Int. 1. State your name, age, residence, and occupation. 

Ans. Daniel M. Adee; I am thirty-seven years old; I live in 
Brooklyn, N. Y.; and am employed by the Metropolitan Telephone 
and Telegraph Company of New York. 

Int. 2. What position do you hold in the employment of the 
Metropolitan Telephone and Telegraph Company, and what, briefly, 
are your duties? 

Ans. Iam the adjuster of the company in matters of difficulty 
arising from claims for defective service, etc.; chiefly for claims 
arising from difficulty between the company and its customers. 

Int. 3. What experience have you had in time past with elec- 
trical subjects and instruments? 

Ans. I have been engaged in the telephone business since the year 
1879 up to the présent time in various capacities; first, as canvass- 
ing agent in the contract department, inspecting, (and in almost any 
capacity in the beginning,) of the Bell Telephone Company of New 


York, as superintendent in the Metropolitan District of Long Island, 


up to the present position which I hold now in the Metropolitan Com- 
pany. I have experimented in electricity for my own amusement 
during that time, making telephones and telephone apparatus in my 
own laboratory, with a view to making some practical improvements 
in telephony generally, for amusement and possible profit. I have 
patented here and in Europe a certain device for electric switches, 
together with my associate, E. T. Greenfield of New York, and 
have applied for others, — a time device to be attached to telephones, 
etc.,— and claim to be the inventor of an improved transmitter 
which has been patented by another party since. | 

Int. 4. About when did you first learn of the existence of the 
Molecular Telephone Company, the defendant corporation in this 
caso 7 
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Ans. As near as I can remember it was in the latter part of 1881, 
or the first of 1882. 

u. 5. What investigation, if any, did you make of the acts of 
that corporation, and when first ? 

Ans. I learned that their office was at 52 Broadway, New York, 
at that time, and called around to see their apparatus. I was intro- 
duced to Mr. John J. Waterbury, who kindly showed me the instru- 
ments which were there for test on a line. He took them apart and 
explained them to me. I then talked on the line and got a response 
from a party at East 23d Street, New York. 

Int. 6. Will you describe the construction of the instruments 
which you there examined and talked through? 8 

Ans. The transmitter was of the desk pattern, a square box with 
a large circular hole in the top, provided with a large cork dia- 
phragm on the under side covering up the mouthpiece. Fastened on 
the under side of the cork was what might be represented as a wheel — 
bub and spokes. The centre hub being made of carbon, from the 
centre the spokes radiated to carbon posts, which were fastened upon 
o strip of copper. The copper was in the shape of half circles, like 
the rim of a wheel, the two halves not in electrical contact with each 
other. The spokes, which were made of carbon, were allowed to 
move freely in the hub and in the posts. The primary circuit com- 
menced at the battery, and completed its circuit through one rim 
or copper plate through the spokes and bub to the other plate of 
copper, thence through an induction spool to the other pole of 
the battery. 

The receiver was a etraight bar magnet in a helix. Te the top 
pole of the magnet was attached a spring running off at right angles, 
thence abruptly back at an acute angle with itself. This was placed 
in an ordinary telephone case with a wooden diaphragm screwed 
down upon it. The diaphragm pressing down upon the spring 
brought it down opposite the pole of the magnet parallel with the 
diaphragm. 

Int. 7. You have said that the receiver was a straight bar magnet 
in a helix: where was this helix located, and how long was the 
spool of the helix, as compared with the length of the magnet? 
Ans. The spool was located on the top of the magnet. It was 
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about half an inch long; the magnet was about six inches long. 
There were two shapes to the magnet that I saw there. One was 2 
straight bar magnet provided with a short pole piece running off at 

4 right angles (merely as a matter of convenience, as it was explained 
to me) asa handle to a dipper. This last was in a different receiver 
from the one I first described. 

Int. 8. What do you mean precisely, when you say, with refer- 
ence to the first-described receiver, The spool was located on the 
top of the magnet”? 

Ans. The end nearest the diaphragm and ear piece, —the mag- 
net running through the helix. 

Int. 9. Please look at the instruments now shown you, and state 
how they compare in construction with the instruments which you 
examined and talked through on the occasion of your visit to the 
office of the Molecular 2 — Company, 52 Broad way, at tho 
time mentioned. 

Ans. I have examined the interior of these instruments. The 
construction is the same and like those that I saw at 52 Broadway. 

[ The instruments referred to by the witness are put in evidence and 
marked respectively “ Exhibit Defendants’ Transmitter” and “ Ex- 
hihit Dfendants’ Receiver, Chas. H. Swan, Special Examiner.” | 

Int. 10. How frequently did you visit the office of the Molecular 
Telephone Company, 52 Broadway, between the time of your visit 
just described, and the Ist of July, 1883? 

Ans. Oh, a number of times; I don’t know how many times. 
The last time was, I believe, June 29, 1883. 

Int. 11. At the time of your visit there, June 29, 1883, what 
signs did you notice, if any, bearing the name of the Molecular 
Telephone Company ? 

Ans. On the directory at the entrance to the building the name 
of the Molecular Telephone Company appeared, directing me up- 
stairs to the office of Waterbury & Dixon, and on the door of the 
room the Molecular Telephone Company’s name appeared. 

Mt. 12. Was this the same or a different office from that in 
. which you first caw the telephone instruments you have described? 
Ans. ‘I believe it to have been the same, with perhaps the addi- 

tion of another room. 
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Int. 13. Did Mr. John J. Waterbury, during either of your 
visits to that office prior to July 1, 1883, ever state to you his rela- 
tionship to the Molecular Telephone Company; and if so, what did 
he represent himself to be in that connection? 

[ Objected to as immaterial and incompetent. ] 

Ans. He said on one occasion that he was the manager of the 
Molecular Company. I don’t remember that he said anything else 
bearing on his relationship to the company. 

Int. 14. Did you see any other telephone instruments at the 
office of the Molecular Telephone Company, No. 52 Broadway, prior 
to July 1, 1883, besides those which yon saw there on the occasion 
of your first visit, and which you have described ? 

Ans. I don’t remember any. 

Int. 15. How many times do you remember to have talked 
through the telephone instruments at that office, prior to July 1, 
1883? 

Ans. I talked two or three times; I couldn't tell the dates, with 
the exception of the last time on the 29th of June. 

Int. 16. Over what line or lines did you talk at that office up to 
your visit of the 29th of June? 

Ans. Over the line which ran to 23d Street to the office of Waite 
& Bartlett, electrical-apparatus manufacturers. | 
Int. 17. Did you know of any other telephone line running from 

that office, up to the time specified ? 

Ans. There was a line running to the house of Mr. Waite, I bo- 
lieve. 

Int. 18. Did you ever know. of any other telephone line running 
from the office of the Molecular Telephone Company, 52 Broadway ? 

Ans. Yes, there was one, which ran to the office of the Law Tel- 
egraph Company, which I talked upon — the district exchange, 
calling up a subscriber. 

Int. 19. When did this line running from the office of the Mo- 
lecular Telephone Company to the office of the Law Telegraph Com- 
pany first come to your notico? 

Ans. August 3, 1883. 

Fu. 20. Was it used with the same set of instruments as tho 


DEPOSITION OF DANIEL M. ADEE. 33 


other line running to Waite & Bartlett’s, or with a separate set of 
instruments? i 

Ans. A separate set of the same kind. 

: Int. 21. What is the business of the Law Telegraph Company, 
. and what facilities did this telephone line, running from the office of 
the Molecular Telephone Company to the Law Telegraph Com- 
pany, give the Molecular Telephone Company and its managers? 

Ans. The Law Telegraph Company were licensed to use a 
limited number of telephones for district exchange purposes by the 
Metropolitan Telephone Company of New York. The connection 
spoken of above would give the managers of the Molecular Tele- 
phone Company intercommunication with that five hundred subscrib- 
ers of the Law Telegraph Company. l 

Int. 22. If you know whether the Law Telegraph Company 
is restricted to the use of certain telephones, state what that restric- 
tion is. : 
' [ObBjected to unless it appears that the restriction is not in writing. | 

Ans. It was stipulated in the agreement between the original 
Bell Telephone Company of New York, who made the contract, that 
no other telephones than those furnished by the said Bell Telephone 
Company should be used by them. 

Int. 23. Did you ever visit the shop of Waite & Bartlett, to 
which you have referred, at any time prior to July 1, 1883, and if 
so, when first, and where was that shop located ? 

Ans. The shop was located in East 23d Street, Nos. 204 and 
206, I believe. I first visited there a long time ago. I do not 
know the date, but on May 19, 1883, I du remember of baving been 
there. 

Int. 24. Tou speak of a telephone line running to Mr. Waite’s 
house: how and when did you ascertain this? 7 

Ans. On the day May 19, I asked at the office of the shop for 
Mr. Waite. One of the workmen said that he had gone to dinner 
at home, but as there was a telephone line running to the house he 
would telephone him. We went together into the back office, and 
he called up Mr. Waite, making an appointment with me. Within 
; the hour Mr. Waite met me. 


Int. 25. Can you give Mr. Woaite’s full name? 
9 
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Ans. Dr. Henry E. Waite, I have always known him as. 
oe Int. 26. Did you see any electrical apparatus at that shop in 
process of manufacture, or parts of such apparatus? If so, what did 
you see there at the time of your visit of May 19? 

Ans. Tes, I saw electrical medical machines, and different medi- 
cal apparatus and parts of the same telephone cases and transmit- 
ter boxes, and such like matters. 

Int. 27. How did the telephone instruments through which the 
workman communicated with Mr. Waite, compare in construction 
with the Exhibit Defendants’ Transmitter and Exhibit Defendants’ 
Receiver? 

Ans. Iwas not permitted to open them, but from their appear- 
ance generally they appeared the same. The transmitter box might 
have been a little smaller, but their general ee was the 
same from appearance. 

Int. 28. Can you give some definite notion of the number of 
transmitter boxes and telephone receiver cases which you saw at 
that shop May 19, 1883? 

Ans. Not definitely, but I should say a half dozen transmitter 
boxes; perhaps twenty-five or thirty telephone cases of different 

. patterns: 

Int. 29. How did these transmitter boxes and telephone cases 
compare in form and constraction with the Exhibit Defendants’ 
Transmitter and Exhibit Defendants’ Receiver, respectively ? 

Ans. Well a number of them could have been used for the same 
purpose, generally; the shape of the box was varied, and the size. 

Int. 30. When you say in your last preceding answer, that a 
number of them could have been used for the same purpose gener- 
ally, to what do you refer, the transmitter boxes or the telephone 
receiver cases, or both; and what do you mean precisely? 

Ans. I refer particularly to the transmitter boxes. They were 
made with a large hole or mouthpiece, most of them. The tele- 
phone cases I did not look at particularly, but they were of the 
same general shape with all telephone cases mostly. 

Int. 31. How did such telephone receiver cases compare with 
Exhibit Defendants’ Receiver? 

Ans. They were like it. 
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Int. 32. How extensive an acquaintance have you had with the 
use of telephones in this country? 

Ans. I was instrumental in getting up the first Bell Telephone 
Exchange in New York, and have been intimately connected with the 
business ever since that date, and consider myself familiar with the 
details of the business in ita various stages up to the present day. I 
have visited the various exchanges in different cities in New York 
State, New Jersey and Pennsylvania, and am tolerably well acquainted 
with the workings of those. 

At one time I was superintendent of the Long Island district of 
the Metropolitan Telephone and Telegraph Company. 

Int. 33. What is the usual mode of serving the community with 
telephones? 

Ans. By means of the district-exchange systems, and by means 
of private lines running between two or more definite points. 

Int. 34. Explain briefly the telephone exchange system and its 
general method of working. : 

Ans. The district-exchange system is composed of a number of 
subscribers having lines centring in a common central office, by 
means of which the subscriber may, on call, be put in private speak- 
ing communication with any member of the exchange, — in some 
places, many thousands. 

Int. 35. How extensive is the telephone exchange system of the 
Metropolitan Telephone and Telegraph Company, which is une of the 
complainants in this case? 

Ans. It covers the district of Manhattan Island, New York City, 
and numbers upwards of four thousand subscribers to-day. 

It is connected by trunk lines with adjacent cities and cities on 
Long Island; with Jersey City, Newark, Paterson and suburban 
cities in New Jersey; with cities suburban to New York, in West 
Chester County, running out to Sing Sing, and cities on the Hudson 
River, taking in a radius of thirty-three miles. | 

I should say approximately that eight thousand subscribers are thus 
brought into communication with each other. 

Int. 36. What telephone instruments are in use in this exchange 
system, and in all other telephone exchanges or private lines knuwn 
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to you, other than the few instruments which you have ascertained 
to be used by the defendant company or by its procurement? 

Ans. I don’t know of any other than the Bell telephone, except 
a few sporadic cases of individual manufacture which have been pro- 
ceeded against as infringers by the Bell Company. 

Int. 37. What instruments does such Bell telephone include? 

Ans. The magneto-telephone receiver, and the microphone or 
Blake transmitter principally, known as the carbon transmitter. 

Int. 38. To whom do these Bell telephones belong, and how are 
they furnished for use? 

Ans. They belong to the American Bell Telephone Company of 
Boston, and are leased and licensed to various exchanges throughout 
the country for operation. 

Int. 39. What capacity has the Metropolitan Telephone and 
Telegraph Company for serving the entire community within which 
its telephone exchange system is operated ? 

Ans. In my experience they have been very ample for all appli- 
cants for service. Their pole lines and fixtures substantially cover 
the city of New York. They have nine central office stations, 
situated in different parts of the city, at the largest business centres 
from Harlem to the Battery, intercommunicating by means of trunk 
lines. 

Int. 40. What apparatus and plant are needed for a telephone 
exchange such as that of the Metropolitan Telephone and Telegraph 
Company ? 

Ans. In each individual subecriber’s office there will be needed a 
set of telephones, transmitter and receiver, sigualling apparatus with 
battery and switches, lines running thence to the central office, poles 
and fixtures to support the wires and cables; at the central station, 
annunciator cases, operating tables, switch boards, batteries, jacks, 
keys, plugs, etc., etc., according to the system used. In large cities 
like New York, where many central stations are needed, and the 
subscribers are greatly scattered over the city, large numbers of 
trunk wires or spare wires are needed. In this case the trunk wires 
are necessary to put a subscriber to one central station in commu- 
nication with a subscriber whose lines terminate in another central 
station. : 
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Int. 41. What is the relative cost of the mere telephone instru- 
ments, the transmitters and the receivers, as compared with the cust 
of establishing such a telephone exchange system as that of the 
Metropolitan Telephone and Telegraph Company ? 

Ans. The cost, comparatively speaking, is trifling. 

Int. 42. To what extent has the Metropolitan Telephone and 
Telegraph Company established private lines as — Ä 
from lines centring in a telephone exchange ? 

Ans. There are about six hundred and over, I suppose, private- 
line subscribers in New York. 

Int. 43. Has the number of miles of wire used hy the Metropolitan 
Telephone and Telegraph Company for serving its subscribers beon 
estimated, and if so, what is the aggregate? 

Ans. I estimate it on a general average to be fully 4,500 miles. 
It is over that, in my opinion. 

Int. 44. What has been the history of the establishment of the . 
telephone exchange system in New York by the licensees of the 
American Bell Telephone Company and its predecessors, in respect 
to the employment of different kinds of apparatus, and the contiuu- 
ance or discontinuance of the same? And what has been the result 
as regards the expense of establishing a telephone exchange system 
adequate to the wants of the community ? 

Ans. In my experience we have changed our system four or 
more times throughout, exclusive of the telephone instruments them- 
selves. We commenced with the Holmes system of annuneiator 
drops and plugs on one case; then to the cross-strip switch board, 
plugs without cords; then the operating table system; then the 
auxiliary drop-case system appended to the same, which we have 
now. The change made in these different systems was followed in 
the method of operating in the subscribers’ offices. Several differ- 
ent styles of battery bells were used and discarded. Magneto bells 
were substituted. Several different styles of those were taken up 
and discarded to the improved bell of to-day. With each of these 
changes pretty much all of the apparatus belonging to the previous 
style was useless to them, the improvements taking their place. 
The methods of carrying the lines through the streets were found not 
to be adequate to a large business. The storm of 1881 showed them 
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that, although these fixtures were heavy enough to carry the weight 
of wire and more, it was not calculated for such a sleet storm as 
happened in that year. This necessitated about a complete recon- 
struction of the line system. Old methods of entering the wires into 
offices by means of the cupola method in some instances have been 
‘discarded, and cabling been substituted. The changing of the 
wires from one system to another in some cases meant a destruction 
of the wire entirely; that is to say, being rusted, it could pot be re- 
strung. And as to the cost of taking down those wires where they 
could be saved, I estimate it at about equal to the destruction of the 
wire that would be reclaimed. 

It has been estimated that at least $100,000 worth of property 
has been discarded ; not because inoperative, but because impracti- 
cable for the exigencies of the business. And my experience would 
go to prove the same. 

Int. 45. Whet would be the effect of establishing a rival tele- 
phone exchange within the same precincts as the telephone exchange 
now established, both as respects the service of the community, and 
the cost to the subscriber? 

[ Objected to as incompetent and visionary. | 

An:. We had onc rival exchange in New York, in the Gold and 
Stock Telegraph Company. The result of that was that about one 
half of the subscribers were obliged to duplicate the instruments by 
the Bell Company’s instruments, in order to get the communication 
they were after, the same being in the rival exchange. This increased 
their cost proportionately. As to the service, it was not so good in 
either exchange, because of the multiplicity of wires, and the disre- 
gard for system in running them. Chiefly, the trouble came from 
cfossed wires. ne 

Int. 46. Explain a little more particularly why, in the case of 
two rival exchanges, a subscriber who wished to have communication 
with any other subscriber to either of the exchanges would have to 

duplicate his telephone instruments. 

Ans. In case a subscriber with the established exchange wished 
to communicate with a subscriber in the foreign exchange, and that 
subscriber was not also a subscriber with the established exchange, it 
would be impossible for him to do so, there being no communication 
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between the two companies, unless he subscribed to that other 
exchange. This of course would increase his expense. 

Int. 47. Tou have mentioned the rival exchange of the Gold and 
Stock Telegraph Company: how long did that continue, and what 
became of it, as faras you personally know? 

Ans. I believe their exchange was established in 1878, and 
absorbed in the Metropolitan Telephone and Telegraph Company 
May 1, 1880. 


Cross Examination by W. 8. Knox, Esq., of Counsel for 
Defendants. 

Cross-Int. 48. Did you have any conversation with Dr. Waite 
at the times you have stated that you saw him, or at any other times, 
in regard to the instruments that you have spoken about? 

Ans. Yes, sir; certainly. 

Cross-Int. 49. Won't you state those conversatione, — the words 
if you can, if not, the substance? 

Ans. 1 asked him if he would make me a set of molecular tele- 
phone instruments such as I had seen at 52 Broadway. That I 
wanted them to test out properly, and made in the best man- 
ner possible; that I was going to compare them with other inatru- 
ments. I then asked him how much he would charge me for them. 
He told me.- I don’t know that there was anything material other- 
wise than that. 

Cross-Int. 50. If you have stated all that you remember of that 
conversation, did you not state at that conversation that the instru- 
ments were outside of Bell’s patent, that you were opposed to the 
Bell Company in interest, and hoped they would be beaten ; or in 
substance that? 

Ans. No, sir. 

Cross-Int. 51. Did you say to Dr. Waite at that time, in pres- 
ence of Samuel H. Bartlett, anything upon the subject embraced in 
the last preceding question? If so, what was it? 

Ans. No, sir, I did not say anything of that kind. My memory 
would serve me in a thing of that kind. What I did say was that I 
should like to see some one get up a better telephone; that I was 


trying on that thing myself; that the telephones of the present day 
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talked too short a distance; and more in that general vein. I don’t 
know exactly what I said. 

Crose-Int. 52. Did you express any opinion on the instruments 
which you saw, in their relation to the Bell telephone? 

Ans. I said they did not talk as loud. 

Cross-fat. 53. Did you express any opinion as to whether they 
were infringements of the Bell patent or not? 

[ Objected to as not opened by the direct examination, and as other- 
wise inadmissible and incompetent. | 

Ans. I dont remember of ever saying such a thing to him or 
any one else. 

Cross-Int, 54. Tou have stated in answer to Int. 35 that the 


exchange system of the Metropolitan Telephone and Telegraph Com- 
pany is connected by trunk lines with adjacent cities and cities on 
Long Island, and other cities mentioned in the answer: are you not 


aware that the Metropolitan Telephone and Telegraph Company are 
prohibited by their contract with the Bell Company from using those 
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lines for business which competes with the telegraph, and from using 


them for the transmission of market quotations and general news? 

Ans. No sir, I never have understood it that way. Their 
exchange contract is public property. If it reads that way -I haven't 
interpreted it that way. 

Cross-Int. 55. Did you mean by your answer to Int. 35 to give 
the impression that those lines could be used for the transaction of 
any business which the telephone is capable of. transacting? 

Ans. Generally speaking, yes. I don't think of anything that 
they could not do, except to set up business in competition with the 
company contrary to the rules of the company; that is to say, the 
telephone exchange instrument is placed in the subscriber's office 
subject to personal communication between any one of the sub- 
scribers to the system, and such tolls as may be charged to them for 
outside communication into other corporations sub-licensed to run 
exchange systems. 

Cross-Int. 56. Could any subscriber in New Tork City to the 
exchange system of the Metropolitan Telephone and Telegraph 
Company transmit through his telephone market quotations or 
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general news over one of said trunk lines for the use and informa- 
tion of the public at the terminus of said trunk line? 

Ans. If it was for personal communication he could do it within 
the contract. They do it all the time, one to another. Trunk lines 
are not particularly for the use of the public. They are set up by 
the company to facilitate their business and are used solely between 
two central offices. They are spare wires, nothing else. : 

DANIEL M. ADEE. 

Attest: Cam H. Swan, Special Examiner. 
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Direct Examination by Gnonen L. Roserts, Esq., of Counsel for 
Complainants. 
Boston, January 16, 1884. 

Int. 1. State your name, age, residence, and occupation. 

Ans. Charles R. Cioss; I am thirty-five years old; I live in 
Boston; and am Thayer Professor of Physics in the Massachusetts 
Institute of Technology. 

Int. 2. State how long and to what extent you have been en- 
gaged ia the study of the physical sciences; and to what extent, if 
at all, you have been accustomed to make experiments in the several 
branches of physics, especially those relating to electricity and 
acoustics. 

Ans. Ihave been an instructor at the Institute of Technology 
during the past thirteen years, and during that time I have been 
constantly engaged in the study of various branches of physics. 
During the past eleven years I have especially investigated the sub- 
jects of acoustics and certain branches of electricity. In the prose- 
cution of my studies during this time I have constantly been engaged 
in the experimental study of the subjects mentioned, and have been 
practically familiar with all the apparatus ordinarily used by scientific 
men in the investigation of sound and electricity. 

Int. 3. What attention have you given to the speaking telephone, 
and to ita principles and mode of operation? 

Ans. I have been familiar with the rise and development of the 
il 
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speaking telephone from its very beginning, having been in frequent 
communication with Prof. Bell ever since the winter of 1873-74. 
I am familiar with Mr. Bell’s patents, have investigated with great 
care the theory upon which these patents are based, and am practi- 
cally familiar with the construction and use of the various forms of 
instruments constructed in accordance with said patents. During 
the past five years I have conducted a very extensive series of 
experiments relating to the different branches of telephony, in the 
capacity of expert for the Bell Telephone Company. 

Int. 4. State whether you have given attention to that form of 
telephonic transmitter which operates by varying the resistance of a 
circuit. 

Ans. During the last five years I have given especial attention to 
the theory and operatiun of variable-resistance battery transmitters. 
I have made a large series of original experiments and investigations 
upon the subject, more extensive than any that I have ever seen in 
print. I have carefully studied the distinctions which exist between 
variable-resistance battery transmitters and circuit-breakers, as well 
as the differences in the electrical and acoustic effects which they 
produce in the line wire and in the receiving telephone. 

Int. 5. State whether or not you have testified as a witness in 
any cases in the courts of the United States, upon the principles of 
the invention embodied in patents, and in machiues or apparatus. 

Ans. I have done so frequently. 

Int. 6. You say you have been familiar with Mr. Bell's patents. 
State whether or not among these patents are those which have been 
introduced in evidence in this case marked “ Exhibit Bell Patent No. 
174,465,” and “ Exhibit Bell Patent No. 186,787.” 

Ans. The patents No. 174,465 and No. 186,787 are among those 
which I have had frequent occasion to examine. 

Int. 7. Referring to the patent No. 174, 465, will you explain the 
mode of operation of the apparatus referred to iu the fifth claim of 
the patent, explaining, as far as may be necessary, the character of 
sounds, their action upon the apparatus, and the manner in which 
the apparatus operates to produce the results which are ascribed to 
it in the patent? 

Ans. The sensation of sound is produced by the action upon the 
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ear of the vibrating particles of air which are set into a vibratory, 
or to and-fro motion by the vibrations of the sounding body. The 
primary impulse given by the sounding body to those particles of 
air immediately in contact with it is gradually transmitted from par- 
ticle to particle, in consequence of the elasticity of the air or other 
medium through which the sound pisses. In consequence of the 
mode of sction of the elasticity of the air, the motion originally. 
communicated to the particles of air in contact with the sounding 
body is not transferred instantaneously to all the other particles ; 
but in consequence of their inertia, as the sounding body vibrates 
to and fro, a similar movement is impressed upon one after the 
other of the particles surrounding it. This to-and-fro motion of 
the vibrating body generates a similar minute to-and-fro motion of 
the air particles, so that they are alternately crowded more closely 
together, and separated more widely from each other, thus proda- 
cing alternate condensations and rarefactions in the air. It is to ‘ 
these alternate condensations and rarefactions that the term “ sound 
wave is given. It will be observed that each particle vibrates to 
and fro in a straight line in the direction in which the wave motion 
is propagated. If we consider that the vibration of the air parti- 
cles is produced immediately by the vibration of the sounding 
body, we see that the motions of the air particles must be a perfect 
copy of the motions of the particles of the vibrating body. Such 
vibrations may differ in three separate ways, viz., in the extent of 
the path of the vibrating particle, in the frequency of its vibration, 
and in the character of its vibration. It is evident, in the first 
place, that the vibrating particle may, in its ta- and ſro motion, trav- 
erse a longer or shorter path; in the second place, it may traverse 
this path a greater or less number of times in each second, that is, 
its rate of vibration may differ ; in the third place, while traversing 
its path it may move according to different laws of acceleration or 
retardation of its velocity: for example, its acceleration during a 
part of its course may be and in some cases is constant, or the rate 
of acceleration may constantly change, and the law of its change 
may vary in different ways. To the changes in the motion thus 
caused, what I have called the peculiar character of the vibration is 
due. If we consider these three kinds of variation in their effect 
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upon the senses, we find that variations in the extent of the path or 
amplitude of vibration of the particle determine, other things being 
the same, the loudness of the sound ; the variations in the frequency 
of vibration determine the pitch of the sound; and variations in the 
character of the vibration determine what is known as the quality, 


or timbre, of the sound. 


In the statements which J have just made I have spoken of the 
motion of a single particle; but it is evident, from the mode of 
transmission of sound, that all of the particles of the air through 
which the sound is conveyed partake of the various characteristics 
of vibration which J have discnssed. 

I have used the term quality or timbre”; quality is that pecul- 
iarity of a sound by which, independently of its pitch or loudness, 
we are enabled to determine the instrument by which the sound is 
produced ; thus, for example, the note of a vivlin differs from the 
note of a flute in quality, even though the two are the same in pitch 
and loudness. 

It is well known to scientific men that these differences in quality 
which, as I have said, are due to differences in the character of the 
motions of the vibrating particle, are produced acoustically by the 
combination of a number of separate or partial tones, which can be 
shown to be prodaced when a particle is in vibration; and which 
partial tones differ in number, in pitch and in intensity or loudness, 
in accordance with differences in the character of the motion of the 
vibrating air particles. 

The lowest of these partial tones is called the fundamental,“ the 
other and higher notes “overtones.” Hence it is evident that the 
quality of a sound depends upon the relative pitch, intensity and 
number of partial tones present. In a very few exceptional cases 
only the fundamental is present, and what is called a simple sound 
is produced. In general, the pitch of a note is determined by the 
fundamental, the overtones determining the quality. 


“ When we speak of the pitch of the note produced by a string or 
an organ pipe, we mean in fact the pitch of the gravest simple tone 
in the combination. This particular component is in general louder 
than any of the others, and is that on which attention is fixed. The 
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others become associated with it by habit, and seem only to modify 
its character without destroying the unity of its pitch.” 


Donkin on Acoustics, p. 11. 
These facts, constituting what is known as Helmholtz’s Theory of 


Quality, were first discovered by the physiciet whose name the 
theory bears. The human voice owes its peculiar quality to the 


presence of great numbers of these partial tones; and very slight 


changes in the partial tones will produce very considerable changes 
in the voice. 


“Human speech employs these very qualitative varieties of tone 
in order to distinguish different letters.” 


“On inquiring to what external physical difference in the waves 
of sound the different qualities of tone correspond, we must re- 
member that the amplitude of the vibration determines the force or 
loudness, and the period of vibration the pitch. Quality of tone 
can thcrefure depend upon neither of these. The only possible hy- 
pothesis, therefore, is that the quality of tone should depend upon 
the manner in which the motion is performed within the period of 
each single vibration.” 

“Every different quality of tone requires a different form of vibra- 
oe: ( Helmholiz, Tonempfindungen, Ellis's Translation, pp. 28, 

-) 


From what I have said thus far, it will be seen that, in order to 
reproduce articulate speech, we must be able to reproduce in the 
air, vibrations which shall possess these three characteristics of 
pitch, intensity and quality; and which shall, moreover, possess: 
those same characteristics of pitch, intensity and quality,— that is, 
of rate of vibration, amplitude of vibration, and character of vibra- 


tion,— which are possessed by the vibrating particles which are 


set in vibration directly by the organs of speech. If we can deter- 
mine the speed and direction of motion of an air particle at each 
instant, and hence, also, the extent of its path, we can evidently 
impress upon it all three of the characteristics that I have mentioned ; 

and hence can produce any desired sound at will. 
In Mr. Bell’s patent No. 174,465 a method is described by which 
the motions which are produced in the air at one place, the trans- 
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mitting station, can be reproduced by an electrical method of inter- 
communication at the receiving station. By means of his invention 
he is able, by the use of certain electrical apparatus, to impress upon 
the particles of air at a distant place, the receiving station, motions 
substantially identical with those which are immediately impressed 
by the voice upon the particles of air at the transmitting station. 
According to the specification, he effects this result by the use of 
the transmitter, which takes up from the air at the transmitting sta- 
tion the motions which are impressed upon it by the voice of the 
speaker, and the vibrating portion of which transmitter moves in sub- 
stantial accordance with the movements of the air particles them- 
selves. This transmitter, being connected with a line wire joining the 
two stations between which speech is to be transmitted, is enabled, 
by its electrical connection with that wire, to produce in it electrical 
variations which correspond to and are similar in form tothe motions 
of the movable part of the transmitter, and hence to the motions of 
the air particles which have actuated the movable part of the trans- 
mitter. These electrical variations, in their turn, set in motion a 
movable part of a receiving instrument with which the line wire is 
connected, and in their turn produce in this movable part of the re- 
ceiver vibrations corresponding to and similar in form to those elec- 
trical vibrations by which they are produced, and hence to the mo- 


tions of the air particles at the transmitting station. The movable 
part of the receiving instrument, thus vibrating, impresses upon the 


air at the receiving station vibrations similar in form and correspond- 
ing to its own motions. 

The motions thus produced in the air particles at the receiving 
staticn are therefore evidently similar in form, and correspondent to 
the original vibrations impressed upon the air at the transmitting 
station by the voice of the speaker at that station. This being the 
case, it is evident, from what I have said, that the sound uttered by 
the speaker at the transmitting station will be reproduced at the ro- 
ceiving station. 

It appears from these facts that Mr. Bell’s apparatus consists es- 
sentially of a transmitter adapted to take up the vibrations of the air 
at the transmitting station; a line wire connecting the transmitting 
with the receiving station, together with a battery or some other 
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form of electrical apparatus which is capable of furnishing a supply 
of electricity ; which line wire shall serve to transmit the electrical 
variations produced by the transmitter from one station to the 
other; and a receiver which, actuated by the electrical variations 
thus transmitted by the line wire, shall be caused to reproduce the 
motions of the transmitter and of the air particles by which that 


transmitter is actuated. It is true that the receiving instrument, 


may not always reproduce the vibrations of the air particles at the 
transmitting station in every minute detail, but the instrument is a 
speaking telephone only so far as it is adapted to reproduce those 
motions with substantial fidelity; and its practical construction and 
operation must be such that these vibrations shall be substantially 
reproduced. 

It is evident that when the transmitter is in operation, variations 
in the electrical current may take place in three ways, — there may 
be a variation in either the direction of the current, the rate or vio- 
lence of change of the current, and the frequency of change of the 
current; and from these three kinds of variations similar variations 
in the direction, rate and frequency of change of the motion of the 
movable part of the receiver will result. And hence, from these 
different electrical variations, differences in the quality, intensity 
and pitch of the sound produced by the receiving instrument will 
follow. Therefore, to reproduce articulate speech or any other 
sound in all its characteristics of pitch, intensity and quality, it is 
necessary that the movable portion of the receiving instrument shall 
be constantly under the guidance of and controlled by the movable 
portion of the transmitting instrument; and in case this constant 
control is not exercised, and in precisely that degree in which it 
ceases to be exercised, the instrument becomes incapable of trans- 
mitting articulate speech. ä 

No form of transmitter which operates by making and breaking 
an electrical circuit can possibly transmit articulate speech or any 
other sound in its different characteristics of pitch, intensity and 
quality, for the reason that the constant control of which I have 
spoken is not exercised in such an instrument. With any circuit- 
breaking instrument, the loudness and quality of the sound produced 
at the receiving station are dependent solely upon the physical con- 
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struction and action of the receiving instrument itself, and of the 
battery, or other source of electricity by which the transmitter is 
acted upon. The intensity and quality of the sound produced at the 
receiving station are therefure, with such an instrument, entirely 
independent of the intensity and quality of the original sound pro- 
. duced at the transmitting station. It is for this reason that an 
instrument of this class, such as, for example, the well-known Reis 
instrument, operating in the manner described, is incapable of trans- 
mitting either intensity or quality; and hence is incapable of trans- 
mitting articulate speech. 

As will be seen from what I have already said, the Reis trans- 
mitter, or any other transmitter which operates by making and 
breaking the circuit, is capable of transmitting pitch, and pitch only. 

The essential difference between the electrical changes produced 
by the Reis transmitter and the changes produced hy the apparatus 
Fig. 7 of the Bell patent No. 174,465, when spoken to, is that the 
action of the Reis apparatus serves to break up into successive and 
disjunctive fragments a current of substantially uniform strength. 
This is a merely intermittent current. The frequency of its inter- 
mittences is the same as the frequency of the air vibrations which 
give rise to what is known as the pitch of the sound acting upon the 
transmitter. The apparatus Fig. 7 of Mr. Bell’s patent, on the 
other hand, produces, when spoken to, a series of electrical changes 
which in their character correspond to and substantially copy the 
changes which take place in the air performing the sonorous vibra- 
tions to be transmitted. The apparatus of Reis was intended to 
produce mere intermittences, the frequency of which corresponded 
to the pitch of the sound transmitted. The apparatus of Bell, on 
the other hand, was not intended to produce intermittences; nor is 
its operation due to their production. The declared purpose of the 
invention is to produce electrical variations, which, in their form, 
copy the vibrations of the air. This is the distinction between 
the mode of operation of one apparatus and the mode of operation 
of the other. It is the employment of the electrical changes due 
to and constituting one mode of operation, as distinguished from the 
other, that is insisted upon by Mr. Bell in his patent and specified 
in his claim. It is because Mr. Reis employed the one mode of 
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operation that his apparatus is not a speaking telephone, and it is 
because Mr. Bell employed the other that his apparatus is. 
There is also another reasog which prevents a Reis transmitter, 
or other circuit-breaking instrument, from transmitting articulate 
speech; this is the effect of the interruptions of the current, in 
producing a loud and dissgreeable noise in the receiver, which, of 


itself, would be sufficient to overpower and obliterate those fine . 


shades of variation upon which differences in quality depend. 

In fact this noise is co marked that an ordinary battery transmit- 
ter can be used as a telephonic call by so operating it as to cause it 
to actually make and break the electrical circuit. Under these cir- 
cumstances, the noise which proceeds from the receiving instrument, 
which, when the transmitter is used in a normal and proper manner, 
can be heard only by one close to the instrument, is capable of being 
heard throughout a large room. 

Int. 8. You have described the operation of a speaking telephone 
apparatus when transmitting speech as set forth in the specification 
of Mr. Bell’s patent No. 174,465: will you now state briefly 
what is the function and importance of the similarity between the 
vibrations of the air accompanying sounds uttered into the trans- 
mitter and the electrical undulations which are caused in the appa- 
ratus while transmitting speech, as particularly referred to in the 
fifth claim of Mr. Bell’s said patent, which is as follows :— 


“5. The method of and apparatus for transmitting vocal or other 
sounds telegraphically, as herein described, by causing electrical 


undulations similar in form to the vibrations of the air accompany- 


ing the said vocal or other sounds, substantially as set forth? 


Ans. It is because of this similarity that speech is transmitted. 
In a perfect instrument the motions of the receiver are both the effect 
and a copy of these electrical variations. Since these electrical vari- 
ations are a copy of the motions of the transmitter, it follows that 
the motions of the receiver are a copy of those of the transmitter; 
if substantially this action takes place, speech is transmitted, other- 
wise speech is not transmitted. 

Int. 9. You speak of tho sound waves, and explain the mode in 
which they are produced: do you understand that the actual exist- 
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ence of these sound waves has been demonstrated, or is accepted as 
a fact by scientific men? 

- fins. The existence of such sound waves has been accepted as a 
fact by scientific men for several hundred years. Within a few years 
past they have been visibly shown to exist, by a method which de- 
monstrates the existence of alternate condenrations and rarefactions 
to the eye. 

fat. 10. Has any method of representing such waves been 
adopted ; and if so, what is it? 

Ass. It is customary among physicists to represent the motions 
of the particles of a sound wave, and also the variations in coudensa- 
tion and rarefaction at different points in a sound wave, by a graph- 
ical method. I can best illustrate this by reference to a diagram 


which I produce, to be incorporated in my answer. 
X 


N 


The curve in the diagram is what is called a sinusoidal curve, 
such as corresponds to the sound waves produced by a simple 
eound, consisting of a single note without overtones. (Such a 
sound can be produced by a tuning fork, mounted on a resonant 
case, and bowed in a manner suitable for this purpose.) O X 
is divided into a number of equal spaces, to represent equal 
periods of time. The length of these spaces is purely arbitrary. 
The distances from O to the beginning of any one of these divisions 
are called abecissas. From each of these points on O , represent- 
ing successive intervals of time, lines are drawn parallel toO Y, 
and proportional in their relative lengths to the distances of the 
particle from the point of rest at the successive periods of time. 
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In the case of the particle pursuing a simple vibration, these mag- 
nitades will increa-e to a maximum, which will be attained at the 
instant when it reaches the extremity of its path; they will then 
‘diminish, as it comes back to the starting point; and as it passes 
beyond it, moving in the other direction, they will be indicated by 
distances measured off below the line O X. Joining then the 
extremities of the perpendicular lines, we obtain a broken line some- 
what resembling a curve; and if we put the perpendicular lines 
close enough together, the broken line joining their extremities 
becomes a curve. This curve is determined by the length of two 
sets of lines or distances, — the absecissas measured on O X, and 
the ordinates measured parallel to O Y. In the case stated, the 
starting point is assumed to be in the middle of the path (e. g, the 
position of a pendulum when at rest), and the motion is measured 
in both directions from it; d. e., the curve is on both sides of the 
line, and part of the ordinates have one direction, part the other. 
But the point from which the measurements are taken is purely 


arbitrary; and the line O X, which represents thie point, might be 


placed lower down and tangent to the lowest part of the curve. In 
that case the curve would not change its character, but the ordinates 
would all be measured in one direction and on one side of O X. 
Algebraically expressed, they would all be - quantities, instead of 
being alternately +- and — quantities in the two branches of the 
curve; only, the -+ quantities would be greater than shown in the dia- 
gram. In the case indicated by the diagram, we should consider that 
an increase in the length of the ordinates, in passiag from one to the 
next, signified motion in one direction, and a decrease signified mo- 
tion in the other direction. In this method of representation one 
sct of lines measured along O X corresponds to the period in which 


the movement is executed, or its frequency; and the other meas- 


ured along O Y, to the amplitude or extent, and also to the direo- 
tion of the motion; and these measurements express frequency, 
amplitude and direction. The same curve will represent the extent 
of rarefaction and of condensation of the air produced by the move- 
ment of the particles, and aleo, when correctly interpreted, the mo- 
tion and the varying velocity of the particles. 

It is from this habit of graphical expression that a vibration is 
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commonly spoken of among physicists as having “form”; form of 
vibration is a phrase used to signify the character of a vibration, 
as I have explained it. 

- It mast be remembered that this curve does not represent the 
path of the moving particle: that always moves to and fro in a 
straight line. This carve is merely a convenient form of expressing 
to the eye the character and variation of the motion. 

I quote again from the work of Helmholtz : — 


“To render the law of such motions more comprehensible to the 
— — Be ———ů— 2 emt 5 
ticians and physicists are in the habit of a graphical method, 
— — — and should there- 
fore be well understood.” (p. 29.) 


The writer then describes the method of drawing acoustic curves, 
and continues: 
“ Physicists, then, having in their mind such curvilinear forms, 


representing the law of the motion of sounding bodies, speak briefly 
of the form of vibration, of a sounding body, and assert that the 


qvolty of tone depends om the form of eibration” ©. — 


a 1 — start 
on the false hypothesis that the vibrational form must exhibit little 


— seamen: se audible upper partial tones.” 
p. 53. 


ee ee eee 
“compound” to the vibrations produced by a single musical in- 
strument, the ‘ has nv existence except for our auditory 
perceptions or for mathematical theory. In reality, the motion of 
the particles of the air is not at all compound; it is quite simple, 
flowing from a single source.” (p. 189.) : 


ft. 11. If you can produce from any scientific work a diagram 
representing the manner in which overtones are combined with a 
fundamental to give quality to sound different from that due to the 
fundamental alone, and representing the form given to the curve as 
the result of all the vibrations, will you do so, stating the source 
from which you derive it, and explaining, as far as you think neces- 
sary, the diagram? 

Ane. The following diagram, taken from “Mayer on Sound,” 
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— the motion of a particle under the infleence of 
svund waves: — 


* «fp 


The curves at a 5 represent six sound waves of six simp'e sounde. a 
When these are sounded together as fundamental and overtones, 
and with relative intensities corresponding to the amplitude of the 
curves, as drawn, so as to produce a sound having the quality dee 
to this combination, the vibrational “form,” as it is called, of the 
sound perceived by the ear is represented by the curve at e d. The 
set of vibrations which constitutes one complete vibration is shown 
twice between e and d. The entire ſorm or character of this 
curve can he determined and controlled, as already stated, by deter- 
mining or controlling for each point the length of the abscissa and 
of the ordinate for that point, or in other words, determining or 
controlling the elements of time or frequency, amplitude or inten- 
sity, and direction ; but it is obvious that it will require very many 
measurements of abscissas and ordinates to determine or control the 
“ form of each complete set of vibrations. | 

The curve representing one set of vibrations is about three inches 
long; and it is apparent, even to a casual observer, that by taking 
tho ordinates as little as one eighth of an inch apart, we should miss 
the little twists, which most strikingly represent to the eye the qual- 
; ity or the effect of the overtoues in this vibrational form, and which 
1 are equally important to the quality of the sound as perceived by 
the ear; and, as in the articulate speech of a woman there are twenty- 
14 
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four thousand of these complete sets in a minute, it will be obvious 
that in order to reproduce this vibration the control must be exer- 
cised not merely twenty-four thousand times a minute, but really 
without any interruption or cessation whatever. 


Int. 12. If observations have been made upon the curves pro- 


duced hy spoken words, and you can produce a diagram represent- 
ing the results of such observations, will you do so, giving tho 
authority from which they were made? 

Ans. The minute changes which take place 8 articulation 
are well shown in a series of curves made by Prof. E. W. Blake, 
Jr., of Brown University, and described in Silliman’s Journal fur 
July, 1878. These curves were produced by reflecting a ray 
of light from a mirror, so attached to the plate of a speaking 
telephone that the vibrations of this plate were communicated to the 
mirror. The reflected ray is caused to act photographically upon a 
sensitize! plate of glass, the mirror at the same time being caused 
to vibrate by the action of the voice upon the telephone plate. On 
rapidly moving the plate of glass in a direction at right angles to 
that in which the reflected ray was caused to vibrate by the vibra- 
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tions of the mirror, a protographed representation of the complex 
vibrations of the mirror was produced. In Pruf. Blake's figures 
the vibrations characteristic of different vuwels, and the rapidly 
changing vibrations produced in the case of a spoken sentence, are 
very beautifully shown? According to the statement made by Prof. 
Blake in the article referred to, the vibrations are magnified in the 
accompanying cuts one hundred and twelve times. Notwithstanding 
the accuracy of Prof. Blake’s drawings, the mere thickness of the 
lines in the wood-cut is sufficient to obliterate many of the more 
delicate variations in those vibrations which characterize articulate 
speech. 

Int. 13. Referring again to the first Bell patent (No. 174,465), to 
which your attention has been called, will you state what the mov- 
ing parts are which you have referred to as being put in motion by 
sound waves, or by variations of current produced by sound waves? 

Ans. In Fig. 7 the transmitter possesses a movable armature, e, 
one end of which ia hinged, while the other is so attached to a mem- 
brane at a that when this membrane is set in vibration by the utter- 


4 een 1 1 
- Ae 5° op ens iis)» + 
a Fo) 
i 1 
é 5 + Oe 
* ; 7 n 4 N 
3 — Sa 
* * 


— 
e e ee 
7 ——— 
* 


56 EVIDENCE FOR COMPLAINANTS. © 


ance of a sound into the cone A, the armature shall be caused to 
take up the vibrations of the membrane. By the vibration of this 
armature, as it approaches nearer to or recedes from the pole of 
the electro-magnet ö, in accor.lance with the well-known lawe of 
magneto-electric induction, electrical undulations or waves are pro- 
duced in and transmitted by the line wire e. The receiving instru- 
ment which is in electrical connection with the line wire possesses 
an eleotro- magnet 7, whose magnetic strength varies in accordance 
with the electrical variations produced in the line wire in the man- 
ner described. In front of this electro-magnet of the receiver, and 
opposite its pole, is a vibratory armature of inductive metal hinged 
at k, and connected at d with a membrane stretched over the larger 
end of the cone L, so that variations in the magnetic strength of the 
electro-magnet 7. produced by electrical variations in the line wire 
e, produce vibrations in the armature &, and consequently in the 
attached membrane, so that this attached membrane vibrates in cor- 
respondence with the motions of the membrane of the transmitting 
instrument, and therefore in correspondence with the vibrations of a 
voice hy which the membrane of the transmitter is actuated. I 
should have said that the vibrating armatures of both the transmit- 
ting and receiving instruments are of iron or other inductive metal ; 
and I would also call attention to the fact that the hinged end of 
each of these vibratory armatures is in magnetic connection with 
that pole of the electro-magnet which is furthest from the vibrating 
part of the armature iteelf; this mode of connection serving to 
increase to a certain degree the magnetic strength of the apparatus. 

Int. 14. Will you explain a little more in detail the function of 
the battery represented in Fig. 7 of the Bell patent of which you 
have been speaking, and the manner in which the undulations in the 
current are produced in the apparatus represented in that figure, and 
in what way the undulatory current acts in the receiving instrument 
to produce the proper result: ? 

Ans. The magnets ö and V in Fig. 7 are electro-magnets, having 
eoft iron cores, which cores are magnetic only when a current of 
electricity is passing through the coils su:rounding them. The 
object of the battery shown in Fig. 7 ia simply to produce this cur- 
rent, which shall cause the cores to be kept magnetized. The arma- 
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ture e of the transmitter, which is of iron or other inductive metal, 
will, as it moves to and fro, alternately increase and diminish the 
magnetic strength of the magnet 5. These variations of magnetic 
strength will correspond to the various changes in motion of the 
vibrating armature. In accordance with the well-known laws of 
magneto induction, as discovered by Faraday, every change in the 
magnetic strength of the core of the electro-magnet 6 will produce 
corresponding changes in the current of electricity which passes 
through the line wire e. These variations in the strength of the cur- 
rent will cause corresponding variations in the maguetic strength of 
the electro-magnet 7, and these variations in the strength of the mag- 
net will act immediately upon the vibratory armature at A. An in- 
crease of strength in the magnet F will cause the armature to approach 
to the magnet, while diminution of magnetic strength will allow the 
armature, under the influence of the tension of the membrane to 
which it is attached, to recede farther from the pole f. Hence, under 
the influence of the varying magnetic strength of 7, the vibratory 
armature at & will execute vibrations corresponding to these changes 
in magnetic strength, and therefore corresponding to the changes in 

the electric current in the line wire e, to the changes in the magnetic 

strength of the magnet ö, and therefore corresponding to the varia- 

tions in the motion of the vibratory armature at e, when moved by 
the vibrations of the membrane with which it is in contact. The 
membrane of the receiving instrument at i will therefore vibrate in 

correspondence with the membrane a of the transmitting instrument. 

Int. 15. Please state, briefly, the principal scientific facts which 
you find set forth, and correctly set forth, in Mr. Bell’s patent, No. 
174,465, of March 7, 1876, with reference to the apparatus shown 
in Fig. 7, and its operation, and which bear upon the question 
whether the patent, so far as that apparatus is concerned, is a patent 
for an electrical speaking telephone. 

Ans. The speaking telephone is shown in Fig. 7 of the patent. 
In the body of the specification, and in the claim, the patentee de- 
scribes the nature of the operation which will take place when a 
sound is uttered into the transmitter by the human voice. I know, 
as a matter of scientific knowledge, that when spoken to, this is the 
15 
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kind of operation which it theoretically will perform, and the only 
kiud of operation which it theoretically can perform. 

The patentee then asserts the consequence of that operation with 
that apparatus to be that a similar sound to that uttered into the 
transmitter is then heard to proceed from the receiver. This action 
is theoretically the necessary consequence of this operation of the 
apparatus. I know from actual trial that this operation would be so 
well performed by a set of instruments constructed according to the 
instructions of the patent, and without further invention, that the 
listener at the receiving end will recognize and understand words 
spoken at the transmitting end. 

That feature to which the most prominence is given in the specifica- 
tion is the similarity of form between the sound vibrations which 
actuate the instrument and the electrical undulations due to them. 
This is expressly mentioned in the following sentences of the speci- 
fication : These undulations are similar in form to the air vibrations 
caused by the sound — that is, they are represented graphically by 
similar curves.” | 

This is the only feature specifically mentioned in the claim, which 
reads as follows: 

“5. The method of and apparatus for transmitting vocal or other 
sounds telegraphically, as herein described, by causing electrical 
undultations, similar in form to the vibrations of the air accompany- 
ing the said vocal or other sounds, substantially as set forth.“ 

- This feature of similarity in form between the electrical undula- 
tions and the air vibrations producing them secures the transmission 
of quality. It has no purpose, function or effect, except the trans- 
mission of quality, which includes articulate apeech. This corre- 
spondence of form is the essential electrical novelty which distinguishes 
this apparatus from all others known to the community before it. 

Int. 16. Do you find any mode suggested in the patent as an 
alternative one to that you have described, of producing the. varia- 
tions or undulations in the current between the transmitter and 
receiver; if so, will you quote from the specification the language 
which refers to such other mode ? 

Ans. It was well known to electricians long before the date of 
Mr. Bell’s first patent that the strength of electrical current can be 
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varied, either by increasing its electro-motive force or by diminish- 
ing the resistance of the circuit, in accordance with the well-known 
law of Ohm, streagtn of Correa — Teetromotive Fores 

In the apparatus which I have described, Mr. Bell explains a 
mode of producing these electrical undulations by varying the 
electro-motive force of the current. He also clearly recognizes the 
possibility of producing such undulations hy varying the resistance 
of the circuit. In his specification No. 174,465, I find the fullow- 
ing :— 

“ Electrical undulations may also be caused by alternately increas- 
ing and diminizhinz the resistance of the circuit. . . . The intern: 
resistance of a battery is diminished by bringing the voltaic elements 
nearer together, and increased by placing them farther apart. The 
reciprocal vibration of the elements of a battery, therefore, occasions 
an undulatory action in the vultaic current. The external resistanve 
may also be varied. For in<tance, let mercury or some other liquid 
form part of a voltaic circuit ; then the more deeply the conducting 


* wire is immersed in the mercury or other liquid, the less resistance 


dues the liquid offer tu the passage of the current. Hence, the vibra- 
tion of the conducting wire in mercury or other liquid included in 
the circuit occasions undulations in the current. The vertical vibr:- 
tions of the elements of a hattery in the liquid in which they are 
immersed produce an undulatory action in the current by alter- 
nately increasing and diminishing the power of the battery.” 


Int. 17. If electricians have been in the habit of stating the 
law to which you have referred, in algebraic terms, will you give the 
form of expression which has been used, explaining the symbols, 
and state how long that law has been known, and whether or not it 
is one which has been found of use in the practical application of 
electricity ? 

Ans. The law of Ohm is usually expressed by a formula , in 
which o is the strength of the current; E the electro-motive force, 
that is, the force producing the current; and x the total resistance 
of the circuit. Ohm's law was, if I recollect rightly, first stated hy 
him about the year 1830. Fur the last thirty years its importance 
has been fully recognized by physicists, and it has been applied by 
constructors of electrical apparatus in determining the dimensions 
and arrangement of the different parts of such apparatus. 

Int. 18. State whether or not, in your judgment, the substitution 
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of one of these ways of varying the current for the other changes 
substantially the character of the described apparatus as an apparatus 
for transmitting sounds, or changes substantially the method by 
which sounds are transmitted or reproduced. 

Ans. Speaking as a scientific man, I should say that it does not. 

Int. 19. Have you examined and tested the instruments marked 
Exhibit Defendants’ Transmitter” and Exhibit Defendants’ Re- 
ceiver” in this case? If so, for what purpose do you find them to 
be adapted, and what has been the result of your tests with them. 

Ans. I have examined and tested the instruments referred to, 
namely, Exhibit Defendants’ Transmitter and Exhibit Defendants 
Receiver, and I find that they are, from their construction and method 
of operation, adapted, when suitably connected with a battery; to 
transmit articulate speech. I have in fact so connected them, and 
transmitted articulate speech by means of them. 

Int. 20. State whether or not, in your judgment, when so con- 
nected and used for that purpose, they constitute an apparatus sub- 
stantially like that described in the Bell patent of which you have 
been speaking, and referred to in the fifth claim, and which will oper- 
ate in transmitting sound by eubstantially the same method; and 
whether or not, in your judgment, they embody, when so used, the 
invention described in said patent and referred to in said claim. 

Ans. The apparatus to which I have referred in my last answer, 
Exhibit Defendants’ Transmitter and Exhibit Defendants’ Receiver, 
when connected and so operated as to transmit articulate speech, 
use the method invented by Mr. Bell, and described in his specifica- 
tion No. 174,465, for transmitting vocal or other sounds telegraphi- 
cally, by causing electrical undulations similar in form to the 
vibrations of the air accompanying such sound. The instruments in 
question most certainly embody the invention which Mr. Bell de- 
scribes in his specification referred to, and when used in the trans- 
mission of articulate speech constitute an apparatus which is sub- 
stantially that described by Prof. Bell. 

Int. 21. In the operation of transmitting speech in the defend- 
ants’ apparatus, what is the importance of causing the electrical undu- 
lations to be similar in form to the sound waves? 

Ans. Precisely the importance which is indicated in my answer 
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to Int. 8. Any departure from similarity impairs the character of 
the speech to the extent to which it occurs; and when that depart- 
ure or any extraneous disturbance reaches a certain point, the 
sounds at the receiver cease to be intelligible as speech. 

Int. 22. Will you compare these instruments, when so connected 
and used, with Mr. Belts apparatus to which you have referred, 
pointing out the functions and mode of operation of the several parts ; 
and if you find that these instruments differ epecifically from the Bell 
apparatus, explain the nature of the differences, and give your judg- 
ment as to their affecting the substantial likeness of this apparatus to 
the Bell apparatus and its method of operation? 

Ans. In Mr. Bell’s patent No. 174,465, I find a transmitting in- 
strument, a receiving instrument, a line wire connecting these, and a 
battery or other source of electricity. In the apparatus described, 
the transmitter possesses a movable part, which is capable of being 
set in vibration by the agency of the voice. This movable part is 
so arranged that it shell cause electrical variations in the current 
traversing the line wire. The receiver is so arranged that the varia- 
tions of current referred to shall communicate motion to a movable 
part, which shall in its tarn communicate motion to the air about it. 
As Ihave already shown at some length, the vibrations of this mova- 
ble portion, when actuated by the sound waves produced by the 
voice, correspond to these in form, and by their action upon the ro- 
ceiving instrument cause it to vibrate in a similar manner, and hence 
produce corresponding vibrations in the air about the receiver. The 
function of the transmitter, it is evident, is simply to produce in the 
line wire electrical undulations similar in form to the vibrations of 
the air particles through whose agency they are produced. The 
function of the receiver is simply to translate, so to speak, the eleo- 
trical undulations produced by the transmitting instrument and con- 
veyed to the receiving instrument by the line wire, into vibrations of 
the air at the reciving instrument. Mr. Bell indicates that these 
electrical undulations may be produced either by varying the electro- 
motive force of the current, or hy varying the resistance of the 
circuit. 

In the exhibits specified I find a transmitter and a receiver, which, 
when placed in electrical connection with each other by means of a 
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line wire, and provided with a battery as a source of electricity, are 
adapted to transmit, and will transmit, articulate speech from one 
station to another. 

In the defendants’ battery transmitter I find an instzun-ent, which, 
from its construction, is adapted to produce, and, when properly 
operated by the vuice, will produce, electrical undulations in the cur- 
rent traversing the circuit, similar in form to the air waves by which 
these electrical variations are produced. 

In the defendants’ receiver I find an instrument which is adapted 
to produce vibrations in the air similar in form to vibrations origi- 
nally produced in the air at the transmitting station by the voice, as 
Ihave already explained. The defendants’ apparatus, like the Bell 
apparatus, contains a transmitter, which, from its construction, is 
adapted to produce electrical undulations as described, and a receiver 
which is adapted to retranslate these electrical undulations into vibra- 
tions of the air. 

The defendants’ battery transmitter adopts one of the modes men- 
tioned by Mr. Bell as suitable for the production of electrical undu- 
lations similar in form to the air waves produced by the voice, 
namely, by varying the resistance of the circuit. The precise 
means adopted in the defendants’ transmitter for varying the resist- 
ance of the circuit is differeut from the particular means referred to 
by Mr. Bell, inasmuch as it utilizes the property of variation in 
resistance with variation in pressure possessed by various sub- 
stances. 

In my opinion, however, the adoption of one rather than another 
particular way of varying the resistance of the circuit does not 
materially affect the substantial likeness of the apparatus of Mr. Bell 
and defendants, or its method of operation. 

fnt. 23. Will you state whether the fact to which you refer, that 
the resistance of substances may be varied by pressure, was one 
known before the date of Mr. Bell’s patent, and recognized in the 
construction of electrical apparatus ; and if you can refer to any eleo- 
trical works of authority, where this fact is referred to, will you do 
so, and quote the references to the fact? 

Ans. It was known long before the date of Mr. Bell’s patent 
that the resistance of a circuit is varied, without being broken, by 
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a riations in the intimacy of contact or amount of pressure between 
two electrodes in contact, from one to the other of which a current 
is passing. This fact was noted and recorded by Du Moncel in his 
book, Applications de lElectricité,” Vol. II., p. 246, edition of 
1856, published at Paris in that year. In “Comptes Rendus” for 
July, 1874, a communication from the same writer described some 
experiments as to the resistance offered to the current in passing 
from one electrode to another, in the case where one was a good 
conductor and the other a poor conductor, and showed that a mod- 
erate increase of pressure at the contacts would materially increase 
the conductivity, and thereby the current; and he gave his explana- 
tion for this phenomenon. 

In Du Moncel, “ Applications de PElectricité,” ed. 1856, Vol. I., 
p. 246, I find the following : — 


“Une chose assez curieuse, et qui parait étre au premier abord en 
contradiction avec la théorie que Ton west faite de électricité, d est 
que la plus ou moins grande pression exercée entre les pieces de 
cuntact des interrupteurs influe considérablement sur lintensité du 
courant qui les traverse. Cela tient souvent & ce que les métaux de 
Pinterrupteur ne sont pas toujours dans un état parfait de dévapage 
au point de contact, mais peut-étre aussi & une cause physique eacore 
mal appréciée. Ce qui est certain, c’est que, dans les interrupteurs 
oa la piéce mobile de contact est — ne une force extréme- 
ment minime, le courante éprouve souvent affaiblissement assez 
notables pour faire manquer la réaction électrique qu'on attend 
d’eux.” 


Which I translate as follows : — 


“A somewhat curious fact, which at first sight appears to be in 
contradiction to the views ordinarily received as to the action of 
electricity, is that the greater or — bet ween the 
contact pieces of interrupters has an important influence upon the 
strength of the current which traverses them. This often happens 
because the metal of the interrupter is not perfectly free from rust 
— — ́ ́ꝗ a — ysical cause 
as yet but little appreciated is certain, that interrupters 
in which a movable contact piece is acted upon by a very slight 
pressure, the current often suffers such an enfceblement as to cause 
a failure in the electrical action which was expected.” 


The same writer describes in Comptes Rendus ” for July 6, 1874 
a series of experiments in which he measured the current in 
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circuit, part of which consisted of a platinum electrode and a piece 
of wood, more or less damp, kept in constant contact, but with 
varying pressure, and says, p. 41, in an article entitled “Ré- 
o ꝛerches sur les transmissions électriques & travers les corps ligneux,” 
as follows: : 


Les expériences que j'avais & faire pour avoir une constatation 
exacte des effets produits, étaient assez délicates, car une foule de 
causes étrangéres peuvent intervenir, et changer les résultats fournis. 
Ainsi le dégré de serrage des plaques métalliques de communication 
avec le bojs, son isoloment plus ou moins parfait du sol et des murs 
de lappartement, ot l'on expérimente, la grandeur des surfaces 
mises en communication avec le circuit métallique, la masse du bois, 
état plus ou moins humide de lair du cabinet des expériences, le 
contact fortuit des doigts sur les fils de communieation avec le gal- 
vanométre, et “tat d’isolement de ces fils sont autant de causes qui 
peuvent modifier les résultats que Fon obtient. 


“6. Que le dégre de la pression de la plaque de platine contre le 
bois a tellement influé sur Tintensité du courant ainsi transmis, qu’ 
étant de 12 dégrés avec un serrage maximum elle est devenue à zéro 
quand la plaque était abandonnée & son propre poids, et & 5 dégrés 
seulement avec un faible serrage.” 


This I translate as follows: 


“The experiments that I have had to make in order to have an 
exact proof of the effects produced were very delicate, because a 
number of foreign elements might enter and change the results. 
Thus the amount of pressure upon the metallic in communica- 
tion with the wood, its more or less perfect insulation from the earth 
or the walls of the room, the size of t the surfaces put in communica- 
tion with the metallic circuit, the mass of the wood, the greater ur 
lees humidity of the air, the accidental contact of the fingers with 
the wires leading to the galvanometer, and the condition of the insu- 
lation of these wires, were causes which might modify the results 
that would be obtained. 

“6. That the amount of the pressure of the platinum plate against 
the wood has so much influence on the — — 
transmitted, that from twelve degrees, with a maximum pressure, it 
became reduced to zero when the plate was pressed only by its own 


weight, and to five degrees only with a slight pressure.” 
In Du Moncel’s “Traité de Telegraphie Electrique,” Paris, 1864, 


Part IV., p. 559, in speaking of apparatus designed to establish 
electrical contact, the author says : — 
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“L’expérience montre que plus la pression des contacts est grande, 
plus est énergique P'intensité du courant qui les traverse,” 
That is, in English, 
t “Experiment shows that the greater the pressure of the contact 
pieces, the stronger is the current passing through them.” 


Ce ee eee 


This fact was also constantly acted upon in the practical use of 
electrical apparatus; care was always taken that contacts should be 
firm and with considerable pressure, for otherwise the full and 
| desired strength of current was not obtained. 

Int. 24. State more particularly what you have meant by varia- 
| tions in pressure, as applied to the defendants’ apparatus, and as 
applied to the experiments and statements of Du Moncel, which you 
Lave quoted. 

Ane. By the variations in pressure which I have mentioned, I 
' ) mean those variations because of which the contact pieces of hard 


3 earbon are pressed more or less closely together. I do mt 


refer to these variations of pressure as producing change throughout 
the whole mass of the contact pieces, but simply to those variations 
which occur at the surfaces in contact. These are simply variations 
in the furce by which the contact pieces are pressed together; 


e 


if and such variations produce variations in the electrical resistance 
of the joint thus made. The greater the pressure the more inti- 


|] mate is the contact and the less the electrical resistance, and vice 


vers. 


Int. 25. What name has been given to that part of a battery 


— 
a * ——_ 


contact pieces of carbon or other conductor, and what familiar in- 
stance of such a telephone can you mention? 

In this connection also you may further explain the principle of 
7 , ite operation. 

1 Ans. That variety of the speaking telephone transmitter which is 

referred to in the question is known as tae articulating microphone, . 
or, more generally, simply as the microphone. The form best known 
iin commercial use is what is called the Blake transmitter,” invented 
dy Mr. Francis Blake, and manufactured fur general use by the Bell 


. | ployed in the United States. 
The microphone consists physically ef two electrodes placed 
17 


telephone which is made to operate by variations in pressure between 


‘| Telephone Company in the fall of 1878, and now universally em- 
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normally in contact with a slight pressure, and forming part of a 
circuit supplied with a current from a battery. A single Leclanché 
cell is generally employed in practice, though in some of my ex- 
periments with certain forms of microphone having large contact 
surfaces I used as many as four cells of Leclanché or two of Bunsen. 

One of the electrodes of the microphone is so arranged that when 
spoken to it will take up the vibrational movement of the sound-waves. 
The other electrode is mounted so as not to be similarly affected by 
them; and the consequence is that the former electrode moves rela- 
tively to the latter. This motion of one electrode relatively to the 
other is excessively minute, but it is sufficient to so affect the cur- 
rent in the circuit that a magneto receiver of the ordinary improved 
commercial form, conforming to the principles indicated by Fig. 7 
of Mr. Bell’s first patent, will audibly repeat the words uttered into 
the transmitter. 

To aid in this operation of the transmitter, the electrode which is 
designed to be more directly vibrated by the voice is preferably made 
of such a shape as to offer of itself some considerable surface to the 
sound waves, or else is mounted upon an extended surface, such as a 
metallic diaphragm or a thin board. 

There seems to be hardly any limit to the forms which may be 
given to the microphone. Many materials, including the ordinary 
metals, can be used for the clectrode; but it has always been the 
practice to make one of them at least of carbon, because this 
material gives far better results than any other hitherto used. In 
the Blake transmitter, one electrodes is a hemisphere of platinum 
about J, of an inch in diameter, slightly flattened, while the other 
offers a plane surface of hard gas carbon, artificially hardened and 
polished. 

The back electrode, or anvil clectrode, as it is sometimes called, is 
either rigidly held or is more often so mounted that it can yield 
somewhat, but not too readily, to the motions of the electrode 
directly acted on by the voice. The desired normal contact and 
ee 
spring, by gravity, and in other ways. 

A speaking telephone on this principle was described in papers 
filed in the Patent Office by Mr. Berliner, and by Mr. Edison in 1877. 
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In 1878 Prof. Hughes reinvented it, approaching the problem from 
a somewhat different direction, viz., from vibrations mechanically 
excited by scratching with a pencil, or by the tramp of a fly, and 
passing thence to those excited by sonorous waves in the air. He 
first published a description of his instrument in a paper read before 
the Royal Society, London, May 9, 1878. Notices of it are to be 
found in the Scientific American supplement, June 8, 1878, ang 
elsewhere. 

The action of the microphone in transmitting articulate speech is 
as follows: The sound waves produced by the voice impress their 
vibrations directly upon the front or “hammer” electrode, and by 
virtue of the inertia of the back or anvil” clectrode, as already ex- 
plained, the vibrations of the first clectrode cause corresponding 
vibrations in pressure between it and the second electrode. These 
variations of pressure, by varying the electrical resistance of the 
microphone contact, create electrical undulations in the current 
similar in form to the sound waves producing them; and when 
these electrical undulations pass through the coils of the electro- 
magnet of the receiving telephone they cauze corresponding varia- 
tions in the magnetic state of the core, and thus set the diaphragm 
into vibrations corresponding to such magnetic changes. By these 
vibrations of the diaphragm air waves are fiually produced at the 
receiving station similar in form to those originally produced by the 
voice of the speaker at the transmitting station. 

Int. 26. Did you testify as an expert in the case of the Ameri- 
can Bell Telephone Company et al. v. Albert L. Spencer et al. in the 
United States Circuit Court within the District of Massachusetts, 
wherein a decision has been rendered for the complainants; aud 
were you familiar with the telephonic apparatus therein complained 
of, and held by the Cuurt to infringe upon the Bell patents aforesaid ; 
if so, what was the character of the transmitting instrument to which 
the decision in that case applied ? 

[ Objected to as immaterial. | 

Ans. I did testify as an expert for the complainants in tho 
Spencer case referred to, and became familiar with the telephonic 
apparatus complained of therein. The transmitter of that apparatus 


was an-articulating microphone; which operated in the manner and 
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according to the method I have described in my last preceding 
answer. : 

Int. 27. Did you testify as an expert in the case of the Ameri- 
can Bell Telephone Company v. Amos E. Dolbear et al., in the 
United States Circuit Court within the District of Massachusetts, 
wherein a decision has also been rendered for the complainants, and 
were you familiar with the telephonic apparatus therein complained 
of, and held by the Court to infringe upon the Bell patent No. 174,- 
465; if so, what was the character of the transmitting instrument 
belonging to the apparatus to which the decision iu that case applied? 

[ Same objection. | 

Ans. I testified in the case referred to, and became familiar with 
the apparatus in that case. The transmitter was an articulating 
microphone, and it operated in the manner which I have already 
described. 

Int. 28. You have said that the defendants’ transmitter produces 
electrical undulations by utilizing the property of variation in resist- 
ance with variation iu pressure possessed by various substances. 
Please compare the construction and mode of operation of the de- 
fendants’ transmitter with the construction and mode of operation of 
the articulating microphone which you have explained, and point 
out their substantial likenesses and differences. 

Ans. In the defendants’ transmitter the contact pieces forming 
the microphone are of hard carbon. The diaphragm of the trans- 
mitter is made of a sheet of cork about a quarter of an inch thick. 
In the centre of this is attached a cylindrical piece of carbon whose 
axis is at right angles to the cork disk. The convex surface of this 
cylinder is pierced with eight cavities, and resting in each of these 
cavities is one end of a clyindrical rod of carbon. These eight rods 
of carbon project radially from the central carbon cylinder, like 
sp»kes of u wheel. The other and outer end of each spoke rests 
loosely in u cylindrical piece of carbon which is fastened to the 
diaphragm near its edge. The carbon spokes referred to rest loosely 
in the holes in the carbon cylinders. The four cylinders in which 
the outer ends of the four corresponding spokes rest are connected 
with each other by a thin strip of copper. The other four outer 
carbon cylinders in which the outer ends of the other fuur carbon 
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"spokes rest are also connected with each other by a thin strip of 


copper, which, however, is entirely ineulated from the Grst-mentioned 
strip of copper. Both. of these strips rest upon the cork diaphragm 


between it and the outer carbon cylinders. One pole of the battery 
is connected with one of the copper strips, and the other pole of the 
_ battery is connected with the other copper strip. (Between the bat- 
, tery and one of the copper strips is the primary circuit of an induction 
' coil.) From the construction of the apparatus which I have de- 
): seribed, it will be seen that the electric current entering one of the 
copper strips will be divided, a portion passing from each one of the 


outer carbon cylinders through the contact joint into the correspond- 
ing carbon spoke, then from the carbon spoke through the contact 
joint at the inner end of each spoke into the central carbon cylinder. 
From the central carbon cylinder the current then passes outward 
through the contact joints into the other four carbon spokes, thence 
through the contact joints from these spokes iuto the other four outer 
carbon cylinders, then into the copper strip connected with these 
cylinders, and from these through a conducting wire to the battery, 


’ thus completing the electric circuit. 


It follows that there are sixtcen loose joints, at which there is a 
loose contact of one piece of carbon with another, eight of these 


. joints being at the outer and eight at the inner end of the spokes. 


Through each of these joints a current of electricity flows. These 
joints constitute an articulating microphone, and the action which takes 
place when the defendants’ transmitter is spoken to is the action which 
I have described as characteristic of the articulating microphone. The 


deound waves produced by the voice act upon the cork diaphragm to 


eet it into vibration. Vibrations are transmitted from it to the car- 
bon cylinders, and especially to the central carbon cylinder. The 
vibrations of this central cylinder (and the same is true, though to 
a much less extent, of the other cylinders) are imparted to the radial 
spokes. In consequence of the inertia of these spokes a certain 


resistance is opposed to their rapid reception of vibratory motion 


from the cylinder or cylinders, and thus variations of pressure are 

produced at the different contacts, as I have explained when describ- 

ing the construction and operation of the microphone. The special 

form of articulating microphone transmitters fuund in the defendants’ 
18 ; 
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transmitter is different from any special form to which I directly 


referred in explaining the operation of the microphone, but its 
principle and mode of operation are the same. 


— 1 January 17. 


Int. 29. Please compare Exhibit Defendants’ Receiver with 
the receiving member L of the apparatus specifically described in 
the Bell patent No. 174,465, and shown in Fig. 7 of the drawings 
thereof, and state what differences in construction you find, and how 
such differences affect, if at all, the substantial likeness of the two 
instruments in respect to their function and mode of operation, aud 
the work they do in the transmission of sound. 

Ans. The operation of the defendants’ receiver is identical with 
the operation of the receiver shown in Fig. 7 of the Bell patent No. 
174,465, so far as any action material to the transmisson aud repro- 
duction of speech is concerned. In the defendants’ magneto receiver 
there is a permanent bar magnet about one end of which a coil is 
wound. One end of the bar magnet therefore forms the core of the 
electro-magnet. Instead of the membrane and attached armature de- 
scribed by Mr. Bell, a wooden diaphragm and flexible iron tongue aro 


used. Que end of this flexible tongue is in connection with that pole | 
of the bar magnet about which the coil is wound. The tongue pro- 


jects radially from the bar magnet for a little distance, and is then 
bent backward upon itself in such a way that the other and free end 
of the tongue is directly opposite the pole of the bar magnet around 


which the coil is wound, but is kept out of contact with that pole by 


the springiness of the tongue. When the wooden diaphragm is in 
place, its centre presses upon thefree end of the flexible iron tongue, 
forcing it into close proximity tothe pole of the bar magnet, but 
yet not into contact with that pole. With this arrangement the 
wooden diaphragm and iron tongue replace the membranous dia- 
phrag m and attached armature of Fig. 7. 

The iron tongue is permanently polarized by its connection with 
one end of the bar magnet, and in Fig. 7 the vibrating armature is 
permanently polarized by its connection with one end of the electro- 
magnet. The flexible tongue in the defendants’ receiver is always in 
contact with and exerting a certain pressure upon the wooden dia- 
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1puregm, which is of course kept slightly strained by the resilience of 
11 { the flexible tongue. When the defendants’ receiver is connected in 
N ! circuit with any suitable transmitter, and this transmitter is actuated by 
* | |, the voice so as to produce electrical undulations in the line wire and 
the coil of the receiving instrument, variations occur in the mutual 
attraction or repulsion between the pole of the bar magnet and that 
end of the flexible tongue which is opposite to that pole, thus impress- 
ing upon the tongue vibrations corresponding to the electrical undu- 
lations, and hence to the sound waves actuating the transmitter. From 
_ | the constant pressure exerted between the wooden diaphragm and 
the free end of the flexible tongue, the vibrations of the tongue are 
necessarily communicated to and impressed upon the wooden dia- 
| phragm, thus communicating waves to the air which correspond to 
114 f the electrical undulations in the line wire and to the air waves actu- 
* | | ating the transmitter. In the apparatus shown in Fig. 7 there is a 
* constant attraction between the core of the electro-maznet and the 
permanently polarized armature, since the unlike poles of the magnet 
and armature are opposite each other, and the receiver works by 
variations in this attraction. It is very likely, though not certain, 
that in the Exhibit Defendants’ Receiver the force exerted between 
| i the permanent bar magnet and the opposed free end of the flexible 
| 9 tongue may be a repulsive force arising from a mutual repulsion of 
e @ the like poles of the har magnet and the flexible tongue. 
This difference between Fig. 7 and the defendants’ receiver, in 
case it really exists, is in no way material, so far as concerns the op- 
eration of the receiver in the reproduction of speech; for it makes 
: no difference whether a current in a particular directiun tends to in- 
4 crease or to diminish the distance between the pole of the mag- 
net and the opposed armature. A somewhat similar difference 
ie N 1 weuld in fact be produced with the apparatus shown in Fig. 7 


— 


by reversing the direction in which the battery current flows 
through the circuit. The permanent magnet used in this instrument 
'{ replaces the electro-magnet shown in the receiver L of the Bell 
; patent, which does not affect the substantial likeness of the two in- 
| | struments, since the function of the battery shown in Fig. 7 is 
ty: { merely to keep the cores of the electro-magnet magnetic. The mag- 
\ 1 netism of the permanent magnet of the defendants’ receiver is sub- 
| 
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stituted for the magnetization produced by the current in the Bell 
receiver of Fig. 7. The combined flexible iron tongue and wooden 3 
diaphragm of the defendants’ receiver replace the combined armature 
and membrane diaphragm of the receiver shown in Fig. 7 of the Bell 
patent No. 174,465. 

None of these differences, however, in any way affects the substan- 1 
tial likeness between the defendants’ receiver and the receiver shown 1 
in Fig. 7 of the Bell patent, either in respect to their function or 
mode of operation, or the work they do in tho transmission of sound. / 

ö 
g 


Int. 30. Will you now refer to the second Bell patent, No. 186, 
787, and point out the leading features of improvement therein set 
forth relating to the speaking telephone; and briefly explain 0 
much of the apparatus therein described and shown as is referred to 
in the 5th, 6th, 7th and 8th claims? 

Ans. The chief improvements which I find in the second Bell =, 
patent are the following: A : 

Ist. For the membrane and attached armature, shown in Fig. 7 : * 
of the patent No. 174, 465, is substituted a plate of iron or steel, or ö 
other material capable of inductive action, which can be thrown into 
vibration by the movement of the surrounding air or by the attrac- 
tion of a magnet. This plate must be of such material, size, thick- 
ness and elasticity, and must be so mounted and arranged with 
reference to the magnet, that on the one hand the delicate air vibra- 
tions characterizing articulate speech may be able to impart their 
vibration to it without substantial alteration in character, while on 
the other hand, it is capable of being set into vibration through the 
action upon it of the minute changes imparted to the magnet by the 
variations in the current passing through the coil surrounding it, 
when those variations are of the delicate character which are em- 
ployed in the transmission of speech in the speaking telephone. 

2d. Another important feature described in the Bell patent No. 
186,787 is the substitution of a permanent magnet with a coil wound . 
about one end of it, or with a coil wound about a soft iron pole 
piece in contact with one end of the magnet, for the electro-magnet 
described in the patent No. 174, 463. 

3d. The use of a sounding box by which the plate of the instra- 
ment is protected from disturbing vibrations. 
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40. A speaking or hearing wie for conveying sound to and 


a the telephone. 
Chaim 5 is as follows: — 


“5. The formation in an electric telephone, such as herein shown 
land described, of a magnet with a coil upon the end or ends of the 
[magnet nearest the plate.” 


This claim relates to the special form of magnet suited for use in 
an electric telephone, the coil being placed about the end or ends of 
the magnet nearest the plate. The object of thus placing the coil is 
to render the magnet quicker in its working; that is, more ready to 
respond with the requisite rapidity to the variations in the strength 
of the current passing through the coil. A magnet with the coil 
thus placed responds more quickly by changes in its strength to 

slight changes in the strength of the current, and hence it is better 
adapted for use in the speaking telephone than a magnet in which 
the coil surrounds the whole length of the magnet, and which con- 
sequently acts more slowly. 

Claim 6 is as follows: — 


“6. The combination in an electric telephone, such as herein de- 
— of a sounding box, substantially as herein shown and set 


In this claim is mentioned the sounding box, which is combined 
with the telephone. This sounding box has an important influence 
in screening the plate of the instrument from the effect of extraneous 
sounds. The thin air space in front of the plate also exercises an 
important influence. 

Claim 7 is as follows : 


“7. In combination with an electric telephone, as herein de- 
scribed, the employment of a speaking or hearing tube for convey- 
ing sounds to or from the telephone, substantially as set forth.” 


The speaking or hearing tube mentioned in this claim serves to 
concentrate the sounds produced by the voice upon the diaphragm 
when used as a transmitter, or to convey to the ear the sounds pro- 
‘duced by the diaphragm when used as a receiver. 

19 
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Claim 8 is as fullows :— 


“8. In a system of electric telephony, the combination of a per- 
manent magnet with a plate ot iron or steel, or other material capa- 
ble of inductive action, with coils upon the end or ends of said 
magnet nearest the plate, substantially as set forth.” 


Iu this claim I find mentioned the combination of a permanent 
maguet with coils upon its end or ends, as described, with a plate of 
iron or other material capable of inductive action. The use of the 
plate of iron, in connection with the magnet, as described, in a sys- 
tem of electric telephony, furnishes a most excellent method of caus- 
ing the electrical and magnetic variations of the apparatus to produce 
corresponding vibrations in the air. | 

Int. 31. Referring to the defendants’ instruments which have 
been introduced in evidence, will you compare them with the 
apparatus described in the patent last referred to, and state how 
far, if at all, you find them to embrace the features or combinations 
described in the patent and referred to in the claims above specified. 

Ans. In the Exhibit Defendants’ Receiver I find a magnet com- 
bined with a flexible iron tongue and wooden plate, which combina- 
tion of tongue and plate replaces the plate of iron specifically 
described in the patent. I also find that this magnet has a coil upon 
the end nearest the plate, as described in claim 5. This magnet is 
placed within a sounding box, as described in claim 6. In front of 
the wooden plate is a hearing tube for conveying to the ear the 
sounds produced by the vibration of that plate, as described in 
claim 7. I find also a permanent magnet, as described in claim 8. 
The hearing tube of Exhibit Defendants’ Receiver ie so arranged as 
to leave a thin space filled with air in front of the vibrating plate. 

Int. 32. I find in the second Bell patent a statement that the 
same instrument is used both as transmitter and receiver, and I 
understand that the electrical and magnetic portions of the apparatus 
described in Bell’s first patent are the same both in the transmitter 
and receiver, the instruments differing merely in the forms of the 
cones, one of which is specially adapted to enclose the mouth, while 
the other is shaped so as to enter or be applied to the ear: will 


you state whether the magneto telephone Exhibit Defendants’ Re- 


ceiver is, when properly connected in line with another instrument 


4 
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of the same kind, capable of being used as a transmitter as well as 
a receiver? | 

Ans. It is capable of being used both as transmitter and receiver 
under the circumstances mentioned. 

Int. 33. Will you describe the character of the circuits and con- 
nections in licated by the structure of the defendants’ two instruments, 
and usual with a speaking telephone apparatus which includes a 
battery transmitter, and then tell me whether the magneto instra- 
ments, as arranged at the two ends of the line, will be so connected 
in circuit with each other that, without, any change, speech uttered 
into one will be heard at the other? 

Ans. I make the following drawing to illustrate my meaning: 


STATION 6. IRE Staves 32. 


In the figure, I C and I’ C’ are two induction coils; B and BY are 
voltaic batteries, and T and T’ transmitters in the primary circuits 
of the coils. R and N are magneto telephones placed in a line con- 
nected with one terminal of the secondary wire of each induction 
coil. G and G are earth plates, with connecting wires running to 
the other terminals of the secondary wires of the induction coils. 
G and G“ are buried in the earth, so that the secondary circuit is com- 
pleted through the carth, and includes the secondary helices of the © 
two induction coils and the two magneto telephones R and N. 
Speech actuating either T or T’ is reproduced in the receivers R and 
R’. Also, if either R or R’ be spoken into and used as a transmitter, 
since R and N are joined in complete circuit by means of the 
line wire, the secondary wires of the coils, and the earth, speech will 
be reproduced in the other receiver as when the apparatus shown in 
Fig. 7 of the first Bell patent, or Figs. 4 and 6 of the second Bell 
patent is used. : 

This is the ordinary arrangement, and, as indicated by the con- 
struction of the defendants’ transmitter, is the arrangement intended 
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to be used by them. Indeed, it is not uncommon on ordinary tele- 
phone lines, as thus arranged, to use one of the magneto instruments 
as a transmitter, when for any cause the microphone transmitter, 
the battery or any portion of the primary circuit is out of order. 

_ Ent. 34. I understand from your previous testimony, that in a 
speaking telephone apparatus consisting of transmitters, receivers, 
hatteries and other adjuncts, as shown in the above diagram, the 
articulate speech uttered into any transmitter is heard at the receiver, 
as the same articulate speech, in consequence of the electrical undu- 
lations similar in form to the sound waves; and that those electrical 
undulations are caused by the utterances of the speaker which said 
sound waves are due to or accompany. I wish you would now state, 
by reference to said diagram, in what part of the whole apparatus, 
including in that phrase the various circuits, those electrical undula- 
tions exist, and in what part they must exist and be operative in 
order that speech may be transmitted so as to be intelligible to the 
listener. | 

Ans. If a person speaks into one of the transmitters, aa, for ex- 
ample, T at station 1, the current produced in the primary circuit by 
the battery B is thrown into the described electrical undulations by 
the action of the voice upon the transmitter. These undulations 
occur throughout the whole primary circuit of the induction coil I C. 
Similar electrical undulations are produced in the secondary of 
IC, and in the whole circuit of which it forms a part, including the 
magneto telephones R and R’, and the secondary wire of the induction 
coil OC. Similar undulations are also produced in the primary of 
the induction coil I’ O'; but in this circuit they have no importance. 

These electrical undulations are produced in the primary circuit 
by the action of the voice upon the transmitter. It follows, from the 
relation of tho primary and secondary helices of the induction coil, 

-that undulations similar in form are produced in the secondary wire, 
the line, and the receiving instruments placed in the circuit. It is 
because of the presence of these electrical undulations in the sec- 
ondary circuit, and of their similarity to the undulations produced 
by the voice in the primary circuit, that words spoken into the 
transmitter are reproduced by the receiver. 


— 
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Cross Examination by Wuretzr H. Pecxunam, Esq., of Counsel 
Jor Defendants 

Cross-Int. 35. In your answer to Int. 29, you say that the func- 
tion of the battery is merely to keep the electro-magnet magnetic : 
does the patent so describe the function? 

Ans. The patent does not describe this as the function of the: 
battery. It is, however, clear, when one considers the mode of op- 
eration of Fig. 7, that the production of electrical undulations in the 
circuit by the vibration of the armature of the transmitter is not de- 
pendent upon the mode in which the core of the electro-magnet is 
polarized. 

Cross-Int. 36. In the complainants’ first patent, I find the state- 
ment that undulations are caused in a continuous voltaic current by 
the vibration or motion of bodies capable of inductive action: is it 
true that undulations are so caused in a voltaic current? 

Ans. It is, understanding of course the undulations to be of that 
nature which is. described in the patent referred to; that is, periodic 
variations in the strength or in the strength and direction of the cur- 
rent at any point in the circuit. 

Cross-int. 37. Is not the magneto current generated by the mo- 
tion of the diaphragm in complainants’ transmitter Fig. 7 a distinct 
and separate current, uninfluenced by, and without influence on, the 
vultaic current at the same time passing over the wire? 

Ans. The magueto current, so far as its manner of production is 
concerned, is a separate current, and in the line wire and other parts 
of the apparatus the total current flowing may be considered as 
compounded of two distinct currents: the first, the battery current 
of constant strength and direction ; the second, the magneto current 
of varying strength and direction. Just as, when we have a current 
in a wire furnished by a single cell of a battery, and then throw 
upun the same wire a current produced by a second cell, the current 
flowing in the wire when both cells are acting may be considered 
as the union of two separate currents, one flowing from each respec- 
tive cell. It is clear, however, that in the latter case we have in 
the wire in reality only a single current of increased strength. If 
the electro- motive force or resistance of one of these cells were to 
20 
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vary, variations in the strength of the total current in the wire 
would ensue, and it would be impossible to know from a mere study 
of the nature of the phenomenon manifested in the wire, whether 
one or both of the cells was influential in producing the varying 
current. We might mathematically consider such a variation 
in the current as due to a variation in either or in both of the 
battery cells. In like manner, if we consider the action of a mag- 
neto transmitter included in a battery circuit, the resultant cur- 
rent producedby the united action of the battery and magneto 
transmitter may be considered as being the superposition of two 
entirely distinct currents simultaneously existing in the circuit. In 
reality, however, there is but one current in the circuit whose 
strength is varied by the varying electro-motive force of the trans- 
mitter. The only phenomenon apparent in the line wire is that of 
such a variation in the current; and it would be impossible to tell 
from an examination of the current alone whether the variations 
were due toa varying electro-motive force caused by the action of 
a magneto transmitter, or to a varying resistance such as would be 
caused by the interposition of a microphone in the direct circuit. 
The current is really just as much a single current in the one case 
as in the other, though it is often convenient to mentally separate 
the single current into the two distinct currents from the battery 
and magneto transmitter respectively. If it were desirable, as it 
might be in some cases, we might in like manner mentally consider 
the current produced from a battery with a microphone in the cir- 
cuit, when the microphone is actuated by the voice, as being com- 
posed of two separate currents, the one a stronger constant current, 
and the other a weaker variable current. The whole conception is 
similar to that involved in the ordinary mechanical process of the 
resolution of forces, in which any force may be conceived of as re- 
solvable in an infinite number of ways. The actual single current 
existing may of course bo found by adding together the strength of 
the current which the battery alone would produce and the strength 
of the current which at that moment would be produced by the mag- 
neto transmitter alone, due regard being paid to the direction of the 
magneto current. 

Cross-Int. 38. Do you then think that in the operation of Fig. 7 
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of Letters Patent No. 174,465 the voltaic current has any other 
function than to magnetize the eleetro- magnet? 

Ans. It seems to me that this is the only function which the vol- 
taic current has in Fig. 7. 

Cross-Int. 39. In Fig. 7, and also in Figs. 5 and 6, is the di- 
rection of the voltaic current constant? 

Ans. It is, if any except an excessively weak battery is em-- 
ployed. All three of the figures are alike in this respect. 

Cross-Int 40. In said Fig. 7 does the direction of the magneto 
current change according to the direction of movement of the dia- 
phragm? . | 

Ans. It does. 

Cross-Int. 41. May there not be several independent currents of 
magneto electricity upon a wire at the same time, and so that each 
several current will effect certain results which will not be effected 
by the others? 

Ans. There can be absolutely and in fact one current and one cur- 
rent only in a wire at once ; that is, at any given point in that wire the 
current must be moving in a single definite direction and have a single 
definite strength, though this direction and this strength are the result- 
ant of the different electrical impulses or currents which are simulta- 
neously thrown upon the wire. The currents are separate only in the 
sense in which we might consider the current in a river as determined 
by and composed of the currents of the brooks which flow into it ; or 
the vibrations of an air particle conveying simultaneously a number 
of different sounds as compound in their nature by supposing a num- 


ber of vibrations taking place simultaneously in the air particle. 


The motion of the air particle at any one moment is simple and defi- 
nite, and may or may not have been produced by an actual combi- 


nation of different and eeparate vibrations. The effects which a 


variable electrical current will produce will depend as much on the 
apparatus on which it acts as upon the nature of the current itself. 
A current varying io a particular way may produce particular effects, 
which effects may be the same as would be produced by several in- 
dependent currents acting simultaneously. 

Crosa-Int. 42. What then is the explanation of the phenomena 
described in complainants’ patent No. 174,465, where simultaneous 


„ * 
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currents on a single wire are generated by reeds vibrating with a 
different pitch, and which currents set in motion at the other end of 
the line only reeds in unison with those respectively which generate 
the several currents, all being in a single circuit? 

Ans. Mr. Bell, in the patent referred to, gives a very brief ex- 
planation of this when he says:— _ 

“Thus, when electrical undulations of different rates are simulta- 


neously induced in the same circuit, an effect is produced exactly 
analogous to that occasioned in the air by the vibration of the in- 
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of electrical vibrations of different pitch is manifested, not by the 
obliteration of the vibratory character of the current, but by 
peculiarities in the shapes of the curves which represent those undu- 
lations.” 

The action which takes place will perhaps be made clearer by a 
more detailed explanation. Referring to Fig. 6 of the patent, let us 
suppose the tuned reed of the transmitter A to be set into vibration. 
This, as explained in the patent, will produce electrical undulations of 
a definite character and of a definitely recurring period upon the line 
wire, and if A! and A“ are receiving instruments having their reeds 
tuned to unison with that of A, they will of necessity vibrate in 
accordance with the periodic impulses to which they are subjected. 
In like manner if the armature of B or C alone vibrated, the arm:- 
tures of BI B or Ci O would be set into vibration. Let us 
suppose, to make the case as simple as possible, that the armature 
of B vibrates twice as fast as that of A, and that the armature of C 
vibrates twice as fast as that of B. If then A is sounded alone 
there will be a certain definite number of undulations a second; if B 
is sounded alone there will be twice that number of undulations a 
second ; and if C is sounded alone four times that number. If now 
A and B are vibrating simultaneously, A will produce in the current 
a primary series of undulations or variations in strength which will 
set Al and A“ into vibration, while B will produce a second series of 
vibrations, which, acting periodically upon Bi and P, will set these 
into vibration. So if C were vibrating, a third variation would be 
at the same time impressed upon the current, and Ci and O would 
be set into vibration. The action is precisely analogous to that which 
occurs if we sing into a piano, and listen to the response from the 


ducing bodies. Hence the coexistence upon a telegraphic circuit 
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strings. The motion of the air particles is exceedingly complex, 
and if the eye could follow them it would probably see no trace of 
regularity in their motions; but since there are variations in the 
period corresponding to the period of vibration of various strings 
of the piano, these strings are set into vibration. 

Cross-fnt. 43. Will the apparatus shown in Fig. 5 of complain- 
ante’ patent No. 174,465 transmit articulate speech ? . 

Ans. I do not suppose it would be possible to practically trans- 
mit. articulate speech with the apparatus shown in Fig. 5. That 
apparatus is not intended to transmit articulate speech; and with 
any such tongue as would be used for an armature in its practical 
application, or as is described ia the patent with reference to Fig. 5, 
the transmission of speech would be impossible. 

Cross-Int. 44. At the time of the filing the specification of patent 
No. 174,465, was the art of transmitting articulate speech by elec- 
tricity known, unless it be described in that specification ? 

Ans. It was not. 

Cross-Int. 45. At that time was the art of transmitting musical 
tones, including vocal musical tones, by electricity known ? 

Ans. The art of transmitting the characteristic pitch of musical 
sound, including the pitch of a sound produced by the voice, was 
known. The transmission of all the characteristics of any sound — 
its intensity, its pitch and its quality — was not known. 

Cross-Int. 46. Don't you, in your last answer as to what was 
not known, describe an art which, if known, would have been the 
art of transmitting articulate speech ? 

Ans. The theoretical knowledge of the manner in which the one 
could be done, would, I think, necessarily involve the theoretical 
knowledge of the way in which the other could be done. The prac- 


characteristics of pitch, intensity and quality of a musical sound, 
would not necessarily involve the practical realization of the trans- 
mission of articulate specch. 


CHAS. R. CROSS. 


Attest: Cas. H. Swan, Special Examiner. 
21 


tical realization of an instrument which could transmit the three 
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United States Circuit Court, 


SOUTHERN DISTRICT OF NEW YORK. 


IN EQUITY. 


Tus AMERICAN BELL TeL_erPnone CoMPANY ET AL. 
*. 
Tus Mo.ecuLtar TELEPHONE CoMPANY ET AL. 


EVIDENCE FOR COMPLAINANTS IN REPLY. 


New York, Feb. 17, 1885. 

Complainants put in evidence certain articles published in 1878, 
about the Hughes Microphone, as follows : — 

Article by Professor Hughes read hefure the Royal Society, Lon- 
don, May 9, 1878, by Professor Huxley ; reprinted in the Scientific 
American Supplement, for June 8, 1878. (Marked: “ Hughes, May 
9, 1878, Article.”) 
- Paper read before the Physical Society at London, June 8, 1878, 

by Professor Hughes, ertitled “On the Physical Action of the Micro- 
phone,” printed in the London, Edinburgh, and Dublin Philosophical 
Magazine and Journal of Science, Vol. 6, fifth series, July, 1878, 
pages 44 to 50, inclusive. (Marked: “Hughes, June 8, 1878, 
Article.”) 

An article entitled “ The Carbon Telephone,” in Scientific Ameri- 
can of June 8, 1878. (Marked: “Scientific American Carbon 
Telegraph Article.”) 

Article in the Telegraphic Journal and Electrical Review of Aug. 
15, 1878, Vol. 6, page 343, entitled “The Microphone Relay.” 
(Marked : “Thomson & Hpuston Microphone Relay.”) 

Article by William H. Preece, entitled The Connection between 
Sound and Electricity,” in the Journal of the Society of Telegraph 
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Engineers, Vol. 7, page 270 to 292, inclusive, being a report of a 
meeting of that Society for May 23, 1878. (Marked: “Preece 
Lecture and Discussion, May 23, 1878.”) 

Extract from page 12 of “ Donkin on Acoustics,” a book published 
in London in 1870. (Marked: “Donkin on Acoustics, 1870.”) 

From the deposition given by the defendant Henry E. Waite, 
in case of American Bell Telephone Cu. ef al. v. Overland Telephone 
Company et al., January 31, 1881, and fullowing days; crose-inter- 
rogatories and answers 1, 2, 3, 6, 7, 68, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 
109, 110, and 111. 

[ Defendants’ counsel objects to this evidence as incompetent, and not 
proved to be the deposition of Henry E. Waite. | 

(Marked: Waite’s Cross Examination.”) 

Complainants put in evidence patent of Henry E. Waite, No. 
250,308. (Marked: “ Waite’s Patent, No. 250.308.”) 

Complainants put in evidence patent of Henry E. Waite, No. 253,- 
714. (Marked: “ Waite’s Patent, No. 252,714.”) 

Complainants produce an advertising pamphlet published hy the de- 
fendants, since the 30th of January, 1884, and from it put in evidence 
the following, entitled “Opinion of Sir Charles T. Bright, dated 
London, July 22d, 1881.“ (Marked: Advertising Pumphlet.“) 

Complainants also put in evidence a circular published by the de- 
fendant corporation December 5, 1884. (Marked: Advertising 
Circular of December 5, 1884.”) 

Complainants also put in evidence an article entitled Improved 
Relay and Sounder,” from the Scientific American, a newspaper pub- 
lished in New York, September 22, 1860, new series, Vol. 3, Nu. 13, 
page 200. (Marked: “Dr. Bradley’s Morse Sounder Article.”) 

From the same volume, a number published October 20, 1860, 
page 264, an article entitled “Improvement in Electru-Magnets,” 
purporting to be an account of a telegraph contrivance patented May 
15, 1860, by Alfred G. Holcomb. (Marked: “ Holcomb’s Morse 
Sounder Article.”) 
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Franx L. 5 — — sean 
complainants, deposes as follows : — 

Direct Examination by Mr. Dickzrson. 

Int. 1. What is your age, residence, and occupation? 

Ans. I am forty-four years of age, and I reside at El Mora, N. J., 
and am by profession a solicitor of patents, having an office at 59 
Wall Street, in New York City. 

Int. 2. Before 1860, what was your occupation and your resi- 
dence ? 

Ans. I was a telegraph operator, and resided in Springfield, Mass., 
where I was employed by the American Telegraph Company. 

Int. 3. At what time did you come to New York? 

Ans. In January, 1860. 

Int. 4. In what employment did you enter here? 

Ans. I went into the employment of Munn & Cu., of 37 Park 
Row, New York, solicitors of patents, and was employed by them as 
a draughtsman, and occasionally assisted in the editurial work on the 
Scientific American, which was published by them. 

Int. 5. Did you become acquainted with Alfred G. Hulcomb 
at that time, and how? 

Ans. I became slightly acquainted with him; that is to say, I 
knew him from seeing him in the office on business. He was at that 
time engaged in prosecuting an application for a patent for a tele- 
graphic relay, and came in the office from time to time to see about 
it. I suppose Munn & Co. had charge of his business as patent 
solicitors. On one or more of these occasions I met him. 

Int. 6. Will you explain the situation of the Morse telegraphic 
patents at that time, and what was the subject to which the invent- 
ors were paying attention in respect to telegraphic apparatus? 

Ans. Prior to the latter part of 1859, there were two competing 
telegraph comp:nies between New York, Boston, and Portland, 
between which the busiuess was pretty equally divided. One was 
the American Telegraph Company, workiug under House’s patents ; 
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the other was the New England Union Company, working under the 
Morse patents. About the Ist of December, 1859, the American 
Company acquired control of the New England Union Company, 
thus consolidating all the lines in one interest. The foundation 
patent, under which the Morse system was carried on, was near its 
expiration, June 20, 1861, and Boston capitalists were engaged, dur- 
ing 1860, in organizing a cumpauy to build a competing line 
between Portland and New York, and have it ready fur business by 
the time the Morse patents expired. The eubsidiary Morse patent, 
covering the local circuit and relay, would not, however, expire 
until April 11, 1867. Hence it became a desideratum for the pro- 
posed competing company to secure some apparatus which would 
operate efficiently without the aid of a local circuit, and during 1860 
and 1861 quite a number of inventors were at work on this problem. 
Among those of my own acquaintance were Samuel F. Day, of 
Ballston, N. T.; Dr. Leverett Bra lley, of No. 30 Pine Street, New 
York City; James J. Clark, of Philadelphia; John E. Smith, of 
Poughkeepsie ; and I supposed at the time that Mr. Hulcomb's appa- 
ratus was designed for the sume purpose. 

[ Defendants’ counsel objects tothe last clause of the witness's answer, 
as to what he supposed. | 

Int. 7. Did you see Holcomb’s apparatus experimentally tried 
fur that purpose? - ; 

Ans. I cannot say positively, although I have a strong impres- 
sion that I did see a trial made of one of his instruments in one of 
the telegraph offices in New York. 

Int. 8. Did you see the instrument in one of those offices? 

Ans. I remember seeing the instrument, and I am quite sure it 
was in one of the telegraph offices, either at the corner of Nassau 
and Cedar Streets, or at the c rner of Wall and Broad Streets. My 
recollection, however, is not distinct as to where 1 saw the inatru- 
ment. : 

Int. 9. You spoke of Dr. Leverett Bradley. State what you 
know of him and what association you had with him. 

Ans. I firat met Dr. Bradley in the American Telegraph office, 
21 Wall Street, corner of Broad, in the early part uf 1860. He 
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was an elderly gentlemen, very much interested in scientific pur- 
suits, and especiully in electrical and telegraphic apparatus, which 
was a sort of a hobby with him. After making his acquaintance, 
I frequently went, upon his invitation, to his work-shop, which 
was in the front attic of the building No. 30 Pine Street, and 
became very much interested in his work. 1 conversed with him 
a great deal about telegraphic apparatus, inventions, and eyrtems. 
He was always ready to talk on that subject, and in fact could 
be induced to talk about little else. I left the city in April, 
1861, and went to Providence, R. I., where I remained until the 
latter part of the following winter, that is to say, the early part of 
1862, when I returned to New York and became an assixtant in the 
office of General Marshall Lefferts, then engineer of the American 
Telegraph Company, at 145 Broadway. After I had been in New 
York a few months, at the solicitation of Dr. Bradley, with whom I 
had kept up my acquaintance by correspondence and otherwise, I went 
to hoard in the family of Mrs. Jane Reed, «a widow living st No. 7 
Exchange Place, Jersey City, with whom Dr. Bradley wa“ at that 
time boarding. He then had his workshop in the upper story of 
the «ame building, and was engaged in manufacturing for sale his 
patented telegraphic relays and sounders. I remained in this family 
until the spring of 1864, when I removed to Brouklyn. I was very 
intimately assoviated with Dr. Bradley while we were hoarding in 
the same house in Jersey City, and we were constantly discus-ing 
telegraphic inventions and other similar matters of mutual interest. 
My acquaintance with Dr. Bradley continued until his death, which 
twok place, I think, iu 1875. 

Int. 10. During that time did you ever hear from Dr. Bradley, 
or Mr. Holcomb, or Marshall Lefferts, that they had or had seen 
a speaking telephone ? | 

Ans. I never heard of such a thing, or a suggestion of such a 
thing from either of them. 

Int. 11. In 1877 what was your occupation and position? 

Ans. In 1877 I was in the service of the Western Union and 
Gold and Stock Telegraph Companies, as an expert und patent 
sulicitor. I had charge of the business of both these companies in 
the PatentOffice, and was also employed tu make examinations of 
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inventions which were presented to the companies for adoption. I 
entered this service in 1875, and remained there until 1880. 

Int. 12. When did the Western Union Telegraph Company, or its 
associates under it, begin to use the Bell telephone? 

Ans. Some time in 1877. 

Int. 13. What action was taken by the owners of the Bell 
patent in regard to it? 

Ans. A suit was brought by them against the agent of the Gold 
and Stock Company in Boston, Peter A. Dowd, alleging an infringe- 
ment of the Bell patents by the instruments which had been manu- 
factured and issued by the Gold and Stock Telegraph Company. 
The bill was filed Sept. 12, 1878, and the answer was filed Nov. 4, 
18738. 

Int. 14. What was the relation between the Gold and Stock 
Telegraph Company and the Western Union Telegraph Company ? 

Ans. The Gold and Stock was a subsidiary company, of which 
the majority of the shares were held by the Western Union Com- 
pany, the latter company controlling the policy and management of 
the former. 

Int. 15. State what connection you had with that lawsuit, and 
under whose directions. 

Ans. In the summer of 1877 — I should say about the lst of 
August —I was directed by Mr. William Orton, president of the 
Western Union Company, to ascertain if there were any patents or 
inventions which could be acquired by our company, which were 
necessary to the operation of the speaking telephune, and al<o to get 
hold of any facts or information which might aid us in making a 
defence against a suit which it was expected would be bruught by 
the owners of the Bell patents. 

Int. 16. Will you produce a copy of the answer in the Duwd 
case, or so much of it as sets up the prior inventors ? 

Ans. I produce it; it is as fullows ; — 

“ And this defendant, further answering, on information and belief, 
denies that said Bell was the original and first inventor of the 
alleged imprevement specified as his invention in said Leiters Patent, 
numbered 186,727, and avers that long before any invention thereof 


by him, the same was known to and used by Elisha Gray, now of 
Highland Park, Illinois, at the city of New York, at Uberlin aud 
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Cleveland, Ohio, and at Highland Park and Chicago, Illinois ; KA 
Thomas A. Edison, now of Menlo Park, New —5 10 the City of 


New York and at said Menlo Park; by Amos E. Dolbear, now of 
Somerville, Massachusetts, at said Somerville ; by Alfred G. Hol- 
comb, now of Granby. Connecticut, at said City of New Yok; by 
Philip H. Vanderweyde of said City of New York, at said city; by 
W. F. Channing, of Providence, Rhode Island, at said Providence ; 
by the United States Telegraph Company at Pittsburg, Pennsylvania, 
which company was located at eaid Pittsburg; by George A. Hame 
ilton, now of Elizabeth, New Jersey, at said Pitteburg.” | 

Int. 17. What did the Western Union Company do in respect 
to the rights of Elisha Gray, Thomas A. Edison, and Amos E. Dol- 
bear, claiming to have invented something in cunnection with tele- 
phones ? 

[ Objected to as incompetent and immaterial. | 

Ans. Edison was, in one sense, an employee of the company ; 
that is to say, he was under a contract to make inventions for them, 
and he was set at work inventing improvements on the telephone. 
The rights of Prof. Dolbear were purchased hy the company under 
a contract; and a similar contract was afterwards made with Elisha 


Gray, upon my recommendation, as I believed that some of his 


inventions were important for our purpose. 

Int. 18. When was the testimony\begun in that case? 

Ans. In 1879, in the spring or early part of the summer. 
Int. 19. Before the testimony was taken in that case, did you 
have an interview with Alfred G. Holcomb, who was set up in your 
answer? 

Ans. I did, at my office in the Western Union building. 

Int. 20. What was the obj: ct of that interview? 

[ Objected to as immaterial and incompetent. | 

Ans. Mr. Holcomb came to me (I think he was referred to me 
by Mr. Orton, or Mr. George Preecott, the electrician of the Western 
Union Company, although itis possible he may have come directly 
to me in the first instance) with certain inventions in the way of tel- 
ephones, which he said he had made at a very early date; and I 
understood the object of his visit to be to dispose of his rights to 
the Western Union Telegraph Company. Before entering in o any 
arrangements of this kind, the matter was u«wally submitted by the 
Officers of the telegraph company to me for investigation. 
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[Zn addition to the objections stated to the last question, defendants’ 
counsel objects to so much of the answer as states anything said by 
Mr. Holcomb, on the ground that it is incompetent and immaterial, 
and that Holcomb was not questioned about d.] 

Int. 21. State what occurred between you in that interview. 

[ Objected to on the same grounds, if by the word “ occurred” is 
meant what was said. 

Ans. Mr. Holcomb said that he had made a speaking telephone 
instrument as early as 1860; and he showed me a carefully executed 
culored drawing, drawn to scale, and I think of full size, which he 
said was a correct representation of the instrument which he had 
made. I recognized the drawing as resembling the instrument 
which I had seen many years before, but which I very indistinctly 
remembered. Mr. Hulcomb said that he had actually transmitted 
speech by means of this instrument. I do not remember the con- 
versation which took place hetween us accurately at this distance of 
time, but the substance of it was that he still had in his poe-essiou 
the original instrument, in a somewhat shattered condition. I ques- 
tioned him very particularly as to whether he could produce any 
other witness to substantiate his statement that he had transmitted 
articulate speech by means of the inst ument. He mentioned no 
witness except Gen. Marshall Lefferts, who, he said, was cognizant 
of what he had done. But Gen. Lefferts had then been dead a year 
or two. 

Int. 22. What action dil you take in consequence of this inter- 
view snd in respect to Holcoml’s position as a witness fur the 
We- tern Union? 5 

[ Objected to as incompetent and immaterial. | 

Ans. I repor‘ed verbally to Mr. Orton that I did not think there 
‘was evidence enough in support of Holcomb’s claim to make it advisa- 
ble fur the company to go t» much expense in purchasing bis rights. 

Int. 28. Was he called as a witness in support of the answer in 
thut case? 

[ Objected to as tncompetent and immaterial. | 

Ana. He was not. 


Int. 24. Who paid the expenses of, and carried on the 
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interferences in, the Patent Office between Gray and Dolbear and 
Edison, on the one side, and Bell on the other? 

[ Objected to as incompetent and immaterial. | 

Ans. The expenses were paid by the Gold and Stock Telegraph 
Company. 

Int. 25. Were you examined as a witness in the Dowd case 
in respect to your knowledge of the Hulcomb invention, and if so, 
produce your examination ? , 

Ans. I was, and my evidence will be found on pages 378 and 
379, of Part I., of the printed evidence in that case, and is as 


follows: 


* ns. Mr. Holcomb showed me this instrument, either in the 
year 1860, or prior to the lst of May, 1861. The instrument was 
designed as a receiving instrument or relay fur the or.linary Morse 
apparatus. It consisted of a compound permanent mignet, built up 
of two or three leaves, with u soft iron core screwed into e ich of its 
poles, upon which cores were placed helixes or coils of insulated 
copper wire, the arrangement thus far being substantially the same 
as that shown in Fig. 356, of Schellen’s book, and ia the defendants 
Exhibits Bell Telephones A and B. In front of the soft irun o res 
was 2 flat armature, suspende.! in the mignet field upon a tightly 
strained steel wire, which acted as a spring. When currents of elec- 
tricity were transmitted through the coils, the normal magnetism of 
the cores was increased or diminished according to the polarity of 
the current, and the arinature caused to vibrate to and fr, in the 
maguet field. I know nothing about the actuil use of this inst u- 
ment, but the one which I saw was a complete and well-finished 
instrument in every respect, and its operation was explained to me 
by Mr. Holcomb. 

* Int. 198. Was the operation in combination of the magnet 
with its short coils and the armiture susp2nile.! in the magnetic 
field in this instru:nent of Holcomh’s substantia‘ly the same, in your 
opinion, as the operation in combination of the mignet with short 
coils and the induction armature in the Bell patent of 1877, as re- 
ferred to in the 8th claim thereot ?” 

* Ana. It was. 

* Croas-{nt. 199. Did you actually connect up that apparatus of 
Holcomb’s with a battery, and work it? 

“Ans. I have a faint recollection that Holcomb did, in my 
presence, but cannot ay positively at this distance of time. 

_ © Cross-Int. 200. You didn’t understand that it was to ba used 
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„ a magneto-michine to induce currents by the motion of the 
armature, did you? 
“Ans. I did not.” 


[Counsel for defendants objects to 20 much of the answer of the 
witness as states what his evidence was in the Dowd case. ] = Ge 


Cross Examination by Mr. Peckuam. 


Cross- Int. 26. When you say that you saw Mr. Holcomb or Dr. i. 
Bradley, about the year 1860 or 1861, and you saw Holcomb’s E | 
apparatus, please describe what you mean by the term “ Holcomb’s 
apparatus.” | 

Ans. The first apparatus of Holcomb’s which I saw was a Morse 
relay, of which a description was published iu the Scientific Amer- 
tcan. This I saw in Munn & Co.’s office. At another time, sub- 
sequent to this, I saw another instrument which I very indistinetly 
remember, which had this electro-magnet, inclosed in a box. 

Cross-Int. 27. Give us the date of the subsequent time to which 
you refer in your last answer. 

Ans. I cannot give this date with accuracy, but it must have 
been ei her before the Ist of May, 1861, or else early in 1862. I 
am inclined to believe that it was at the time last mentioned. 

Cross-Int. 28. Was the instrument which you first saw one which 
is shown in the drawing, and described in the patent No. 28,274, 
May 15, 1860, to A. G. Holcomb? 

Ans. No, sir; I do not think I ever saw the instrument described 
in that patent. 

Cross-Int. 29. Do you know of any patent in which the instru- 
ment which you first saw, and which you have described as the Morse 
relay, is described ? 

Ans. It is described in patent No. 32,478, of June 4, 1861. 

Cross-Int. 30. To whom? 

Ans. To Alfred G. Holcomb. 

Cross-Int. 31. Was the instrument which you subsequently saw 
also like the instrument shown and described in No. 32,478? 

Ans. It was not like it; it had no wire spring on it and no con- 
nections for a local circuit. My recollection is, that most of the 
working parts were inclosed in a wooden cover or box; I think it 
was a round box. 
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Cross-Int. 32. Was it mounted on a stan], like Fig. 1 in patent 
No. 32,478? 

Ans. I think it was. 

Cross-Int. 33. Did the wooden box to which you refer cover the 
whole stand ? 

Ans. I do not think it did. The impression left on my mind is 
that it was a square base with a round box. 

Cross-Int. 34. Can you tell us any part, and if so, what, which’ 
was outside of the box —I mean any uperative part of the instru- 


ment? 


Ans. I think there was not much of anything outside of the 
box, but my memory is not clear as to that. 

Cross-Int. 35. You have mentioned some things, or a thing, in 
the instrument described in the patent No. 32,478, which was 
not in the instrument seen at the later period. Can you tell us any- 
thing that was in the instrument seen at the later period which was 
not shown in the patent No. 32,478? 

Ans. It had some sort of a contrivance for listening, a short tube; 
I think it was atin tube. I have no recollection of anything else. 

Cross-Int. 36. Can you give us the shape of the tin tube? 

Ans. I cannot. 

Cross. Int. 37. When you say it was a tin tube for the purpose 
of listening, do you mean that the ear was to be placed at one end 
of the tin tube? | 


“~~, Ans. I should have said that I supposed that to be the purpose 


* the tube. I do not clearly recollect that it was actually so used 
*in my presence, although it may have been. 
Cross-Int. 38. Do you mean that you supposed that the ear was 


to be placed at one end of the tin tube? 


Ans. I did suppose so, and the supposition may have been de- 
rived from actually seeing it used that way, and it may have been 
wholly my own conjecture. 

Cross- Int. 39. Do you reniember to what, and in what way, the 
other end of the tin tube was attached — I mean the end to which 
the ear was not placed? 

Ans. My recollection is that it was inserted into the round box. 
Cross-Int.40. To what round box do you refer? 
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Ans. I refer to the box which served as a cover or enclosure for 
the instrument. 

Crosa-Int. 41. Then this tin tube projected from the round box, 
which covered substantially the rest of the instrument, did it? 

Ans. That accords with my recollection of it. 

Cross-Int. 42. Were you shown the inside of the round box? 

Ans. I don't think I was. In fact, I did not pay very particular 
attention to the instrument, or I should have remembered it much 
more distinctly. I have no recollection of its having beon taken 
apart in my presence. 

Croes-Int. 43. The case of Bell Company against Dowd was set- 
tled, wasn’t it? 

Ans. I understand so. 

Cross-Int. 44. Was the testimony closed on both sides at the 
time the settlement was made ? 

Ans. I think it was. 

Crose-Int. 45. Have you a copy of the settlement which was 
made of that case? 

Ana. I have not. 

Cross-Int. 46. Have you ever seen it? 

Ans. I have not; that is to say, I have never read it. 

Cross-Int. 47. Was it in writing? 

Ans. It was either in writing, or a type-writer copy. I have seen 
the outside of the document, but I never read it. 

[Counsel for defendants asks the counsel for the complainants to 
produce that agreement, or a copy of it, so that d may be put in 
evidence. . 

Counsel for complainant states that he has no copy of it, but it is 
in public lawsuits. | 

Mr. Peckuau. — If counsel will tell us where it is printed, so as 
to be accessible to us, I would like the information, so I can put it 
in. 

Mr. Dickerson. — I cannot tell where you can get a copy of it in 
print; it has been printed. 

Cross-Int. 48. What hus become of the drawing of this telephone 
which you say Mr. Holcomb showed you? 

Ans. I returned it to him, and he took it away with him. 
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Cross-Int. 49. When you say you recognized that drawing as 
resembling an instrument yuu had seen before, do you refer to the 
instrument which you first saw, and which is shown in the patent 
No. 32,478, or to the instrument which you subsequently saw, to 
which the tin tube was attached ? 

Ans. I thought it resembled both of them. The external appear- 
ance reminded me of the instrument I last saw, and the construction | 
of the magnets was similar to that of the relay which I had seen in 
Munn & Co.’s office. 

Cross- Int. 50. Did the drawing have a tin tube shown thereon? 

Ans. It had à tube; I um not sure about its having been tin. 

Cross-{nt. 51. The drawing did not show the material of which 
the tube was made, I suppose? 

Ans. It was colored to represent the different material, but I 
do not recollect how the tube was represented. 

Cross- Int. 52. When you say that the Gold and Stock Telegraph 
Company paid the expenses of the interference, do you mean to say 
that they paid the expenses on both sides, or of but one, and if so, 
which one? 

Ans. They paid the expenses of Dolbear’s case, which I had 
charge of; and of Gray's case, which was in charge of Baldwin, Hop- 
kins & Peyton, of Washington. I suppose they paid the expenses 
of Edison’s case also, though I do not personally know this. 

Cross- Int. 53. You do not mean that they paid the expenses of 
Bell’s case ? 

Ans. Not to my knowledge. 


Direct Examination resumed by Mr. Dickerson. 


Int. 54. Was that the apparatus which you saw in one of the 
telegraph offices in 1861, that you have been last describing [show- . 
ing witness patent]? 

Ans. That is the apparatus. I cannot positively swear that I 
saw it in one of the telegraph offices, but my impression that such is 
the case is very strong. 

Int. 55. Was it connected to a line, or on exhibition otherwise? 
Ans. I cannot say. I donot think my attention was particularly 
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called to it, but I think that I saw it accidentally, being there for 
some other purpo:e. 

Int. 56. In these phonetic telegraphs, were they n provided 
with sounding box and ear-picce to listen to? 

Ans. It became quite common to use these between 1862 and the 
date of the expiration of the Morse patent in 1867. 

Int. 57. I show you now, for instance, House’s patent of June 
27, 1865, No. 48,408, and ask you whether you see there that same 
general arrangement fur listening to the sounder? 

Ans. I do. | 

[ Complainants put in evidence Exhibit House Patent, No. 48,408, 
dated June 27, 1865. ] 

Int. 58. I also show you the House patent, No. 77,882, May 12, 
1268, for electro-phonetic telegraphs, and ask you whether you find 
there similar arrangement for concentrating the suunds on the ear? 

Ans. I do. 

[ Complainants put in evidence Exhibit House Patent, No. 77,882, 


* FRANK L. POPE 


Sworn to before me, 
Joun A. SnisrLos, Examiner, eic. 


DEPOSITION OF -CORRA N. WILLIAMS. 


New York, Feb. 17, 1885. 


Correa N. WILIaus, a witness produced and sworn on the part 
of the complainants, deposes as follows : — 


Examination by Mr. Dickerson. ° 


Int. 1. What is your age, residence, and occupation? 

Ans. I am twenty-seven years of age; I reside in Newark, New 
Jersey; my occupation is lawyer and stenographer; I am also a 
notary public. 

Int. 2. Did you, in your capacity of notary public, take the 
testimony of Henry E. Waite, on the 31st of January, 1885? 

Ans. Yes, sir. | 

Int. 3. Will you look at the extracts from the deposition which 
I now show you, and say whether the witness, Henry E. Waite, : 
testified as there appears in reply to the questions that were then 3 

Ans. He did. 

[ The extracts from the deposition, above referred to, are offered in 
evidence, and marked “Deposition of Henry B. Nate.“ 


Cross Examination by Mr. Pecxuam. © 


Cross-Int. 4. You took the testimony stenographically ? 

Ans. Yes, sir. 

Cross-Int. 5. And wrote it out afterwards? 

Ans. I did. 

Cross-Int. 6. The testimony, as written out, has not been sub- 
mitted to Mr. Waite, has it? 

Ans. Not the cross examination. 

Cross-Int. 7. It has not been signed by him? 

Ans. No, sir. 

Cross-Int. 8. He has never seen it, so far as you know? 

Ans. Not the cross examination. 

Cross-Int. 9. Has the direct examination been signed by him? 

Ans. No, sir. 
Cross-Int. 10. Has any part of his examination? 
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Ans. None, whatever. 
Cross-Int. 11. Has any part of his examination been submitted 
to him for correction ? 
Ans. A copy of * direct examination has been submitted to 
him. 
Ne- direct Examination by Mr. Dickerson. 


Int. 12. Did Mr. Waite appear at the adjourned — after 
this examination was taken? 

Ans. He appeared after the direct examination. 

Int. 13. I mean at the adjourned meeting after the cross exami- 
nation. 

Ans. I don't remember. I don’t think there was an adjourned 
meeting. As I understood it, his cruss examination was finished on 
the 31st of January. 

Int. 14. Then there was a further meeting, was Sune not, for the 
purpose of taking testimony in the same proceeding when you were 
present? 

Ans. There was a meeting on Saturday of last week. 

Int. 15. Which was an adjourned meeting? 

Ans. Tes, sir. 

Int. 16. From this time? 

Ans. From that time. 

Int. 17. Did Mr. Waite appear at that time? 


Ans. He did not. 
CORRA N. WILLIAMS. 


| Sworn to before me, 
Joun A. SHIELDS, Examiner. 


„ 


EXHIBIT HENRY EB WAITE’S CROSS EXAMINATION. 
“Henry E. War presents himself for cross examination. 


“ Cross examined by E. N. Dickerson, Esq. 


“ Cross-Int.1. Are you the same Henry E. Waite whose name 
appears in the pamphlet which I now show you, entitled The Mo-, 
lecular Telephone Company of New York, 67 Wall Street, New 
York?’ 

“Ans. Iam. 

“Cross-Int. 2. That pamphlet is an advertisement of the business 
of the Molecular Telephone Company, isn’t it? 

“Ans. It is. 

“ Crose-Int. 3. Tou appear in that pamphlet with the office of 
electrician, having for consulting electricians, Dr. Channing of 
Providence, Professor Morton of ken, aud Professur Chandler 
of the School of Mines of New York. Is that the organization 
under which that company is working its electrical department ? 

“Ans. It appears so from the pamphlet.” 


“ Cross-Int.6. You are the patentee, either alone or in asso- 
ciation with Mr. Bartlett, of the different contrivances which are used 
by the Molecular Company, are you not? 

“Ans. Yes, sir. 

“ Cross- Int. 7. That company is a defendant in a suit by the Bell 
Telephone Company charging them as infringers, are they nut? 

“Ans. Tes, sir.” 


“ Ans. 68. I really believe the action of any telephone is molecu- 
lar myself; I believe the change in the molecules of the diaphragm 
of the Bell telephore is what produces the sound, as has been de- 
monstrated by using diaphragm of a quarter of an inch thick, or 
even of an inch thick. 

" Cross-Int. 69. Then when you published that the Waite and 
Bartlett instruments differed in their‘mode of operation from Bell and 
Blake by not using any vibrating diaphragms and using a molecular 
vibrator of compact substance like cork, you were making a false 
representation of the fact as you understand it, were you not? | 

“ Ans. I didn’t write that book. 

“ Croas-Int. 70. If the fact be as you understand it, that repre- 
sentation is false, is it not ? 

5 Ans. Not as I understand it; all telephones operate by molecu- 
action. 

“ Cross-Int. 71. You understand that the Bell telephone does, 
what other kind does not? 

“Ans. What is that? 
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“ Cross-int. 72. Tou said that the Bell telephone operates by 
molecular action, and that your telephone operates by molecular 
action. 

Ans. I said all te 

“Cross-Int. 73. If all te operate by molecular action, 
then yours does not differ from all others? 

“Ans. No, sir. 

“Crosa-Int. 74. Then the representation that it does differ in that 
respect is a false representation, isn’t it? 

“Ans. Iam not responsile for what that book says; our instra- 
ments do differ from other instruments in their form of coustruc- 
tion. 

“Cross-Int. 75. But not in the circumstances that they operate 
by molecular action, as you understand the subject ? 

“Ans. As I understand the subject. 

“Cross-Int. 76. In your patent, No. 253,665, you say, In the 
apparatus of Reis, a flexible membrane or diaphragm was employed, 
suscept:ble of mechanical vibration under the action of sound waves, 
und dependent upon such vibration in the production uf the desired 
result, whereas we employ a floor or plate of cork, wood, felt, or 
other suitable material, capable of conveying the disturbance pro- 
duced by the action of the sound waves impinging upon its surfuce 
to the microphone or molecular action, rather than by mechanical 
movement of the floor itself.’ 

When you made that statement you didn’t think that Reis’s mi- 
crophone operated by molecular action, did you? 

“Ans. No, sir. 


[The specification of said patent, No. 253,665, is offered in evi- 
dence, and marked, “ Exhibit No. 3, for complatnanis of this date. 
C. N. Wituiams, Notary Public.” | 

“Cross-Int. 77. And it differed from all other telephones in the 
circumstance that it operates by mechanical vibration, whereas all 
others operate hy molecular action, as you now understand the ‘fact ; 
is that so? 

“Ans. Yes, sir.” 


“Cross-Int. 97. When these two electrodes are held together in 
positive contact, and one of them is spoken to and speech is trans- 
mitted, as you understand it, isn’t that effect due to the fact that 
there is a variable resistance through that joint, occasioned by the 
circumstance that there is more or less pressure between the two 
3 = by the air waves beating upun one? 

“Ans. Yes, sir. 


Oross- Int. 98. And that is a variable-resistance transmitter, 


isn’t it? 
“Ans. Yes, sir. 
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EXHIBIT HENRY E. WAITE’S CROSS EXAMINATT: mw. 101 


5 “Cross-Int. 99. There is an instrument known as the Hughes 
microphone: are you familiar with that? 


* “Cross-Int. 100. That was known in 1878, wasn’t it? 
a “Ans. Yes, sir. 
“Crosa-Int. 101. That consists of a rod of carbon supported at 
, its two ends by cups or sockets of carbon, through which an electric 
5 current is made to pass, doesn’t it? ° 
be “Ans. Yes, sir; one of his forms. : 
Oross- Int. 102. And mounted upon a board; if spoken to, and 
a telephone receiver is placed in electric circuit, speech is transmitted 
by it, isn’t it? 
“Ans. His first ones were too delicate to trans 1.it speech, but he 


* >” 


modified the furm, and then was transmitted. 
7a “Cross-Int. 103. By merely speaking to the board on which this 
thing was mounted ? 


Ans. Yes, sir. 
“Cross-Int. 104. And that was in 1878, wasn’t it? 
“Ans. Yes, eir. : 
ae “Croass-Int. 105. Now, will you look at patent No. 252,714, 
a granted to yourself and Bartlett, in which a diaphiagm supports a 
number of radiating rods of carbon having their opposite ends 
mounted in sockets uf carbon, the current of electricity passing 
through the joints at the opposite ends; isn’t that simply a number 
>” of Hughes microphones mounted on a diaphragm, eo that when the 
diaphragm is spoken to, the microphonic disturbance shown by 
Hughes, in 1878, is produced, and speech transmitted just as he 
transmitted it? 
“Ans. Yes, sir; it is a modification of the Hughes microphone. 
[ The specification of said patent, No. 252,714, is offered in evi- 
dence, and marked, “ Exhibit No. 4, for complainants of this date. 


/ 


7 C. N. Wituiams, Notary Public.” | 
25 "Cross- Int. 106. It is a modification of the Hughes microphone, 
having, as the drawing shows, four microphones on one side and four 


— on the other, so that the current has sixteen different joints through 
which it passes; that is it, isn’t it? 
“Ans. Yes, sir. 
“Cross-Int. 107. The object of which is to make sure that there 
will always be a way open for the current? 
N “Ana. Yes, sir. 
“Cross-Int. 108. So as to prevent a breaking of the current? 
“Ans. So as to prevent an absolute breaking of the current. 
“Cross-Int. 109. And that particular transmitteris the one which 
- is called the Molecular Telephone, isn't it? 
“Ans. Yes, sir. 


Tes, sir. : 
5 Int. 111. Will you tell the Court where the mode of oper- 
— differs at all in prinel ple from the published method of Hughes 
n 1878? | 


“Ans. There is no difference.” 


I. B. WAITE. 
TELEPHONE TRANSMITTER. 
Patented Nov. 20, 1881. 
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SPECIFICATION forming part of Letters Patent We. 280,808, dated November 99, 1681. 
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(Ho Medel.) 8 Sheote—Sheet- 1. 
S. H. BARTLETT & H. B. WAITE. 
TRANSMITTER FOR TELEPHONES. 


: Patented Jan. 24, 1882. 


No. 262,714. 
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S. H. BARTLETT & H. B. WAIT EB. 


TRANSMITTER FOR TELEPHONES. 
No. 262,714. Patented Jan. 24, 1882. 


(He Medel.) 


UnriTep SratTes PATENT OFFICE. 


SAMUEL _H. BARTLETT AND HENRY E. WAITE, OF NEW YORK, N. F., ASSIGX- 
ORS TO CHARLES F. LIVERMORE, OF SAME PLACE. 


TRANSMITTER FOR TELEPHONES. ; 


SPECIFICATION forming part of Letters Patent No. $68,714, dated January 94, 1983. 
Applicaticn Gied November 2, 1688. (Se model.) 0 
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8. H. BARTLETT& H.E.WAITE. 
TRANSMITTER FOR TELEPHONES. 
No. 268,666. Patented Feb. 14. 1883. 
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BXHIBIT EXTRACT FROM DEFENDANTS’ ADVERTISING 
«CIRCULAR. 
Eatract from the advertising circular of the MOLECULAR TELEPHONE 
COMPANY, published since January, 30, 1884, page 18. 


O PINION OF SIR CHARLES T. BRIGHT. 


“I have read the Patents Nos. 2,418 and 2,419 granted to 
Messrs. Lockwood and Bartlett, and No. 2,398, of 1881, granted to 
Meesrs. Lockwood. 

“The telephone and transmitting instruments described are novel 
and distinct inventions, differing from all previous apparatus of the 
kind with which I am acquainted; and after carefully examining the 
patents granted to Professor Bell, Mr. Edison, and others for various 
forms of telephonic transmitters and receivers, I am clearly of opinion 
that Messrs. Lockwood’s patents are in no way affected by them. 

“ The transmitter embodies Professor Hughes’s beautiful discovery 
of the microphone, and differs from any other transmitter in being 
embedded in and completely covered by a non-resonant material, no 
vibrating plate being used. 

The receiver is a magnet surrounded by insulated wire at one of 
its poles, a continuation of which is caused to tap against a plate, 
made of a substance that is free from inductive action by the varia- 
tions of the current, its operations being similar to that of the sound- 
ers which ure extensively used in telegraphy. 

By this means the words spoken at the transmitting end are. ro- 
produced in a remarkably clear and distinct manner by the receiver, 
without any confusion of the syllables, or liability to error in those 
words which are generally difficult to convey, such as those in 
which sibilations occur. 8 

“The simplicity of the transmitter renders it almost free from any 
liability to derangement. 


“CHARLES T. BRIGHT. 
Lonnox, July 22, 1881.“ 
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EXHIBIT DEFENDANTS’ ADVERTISING CIRCULAR OF DEC. 
5, 1884. 


Orrics OF @ 
THE MOLECULAR TELEPHONE COMPANY, 
No. 67 Wax. SrTeeer. 


New York, Dec. 5, 1884. 


Dear Sir,—In response to inquiries which have been made hy 
parties interested in this company, and having contracts with it, we 
beg to submit copies of the correspondence which has passed be- 
tween the company and its counsel, Messrs. Wheeler H. Peckham, 
William S. Knox, and A. Q. Keasbey, relating to the recent decision 
of Judge Wallace, sustaining the injunction against Drawbaugh. 

We desire to add that the effect of this devision is to clear the 
field of all competitors other than the Bell Company, and renders 
immensely valuable the patents held by this company. 

The question at issue between this company and the Bell is not 
that we infringe their devices, but whether Bell’s patent covers the 
broad art of transmitting speech by electricity; in other words, 
whether Bell is entitled to the abs lute control of a priaciple. 

There has never yet been a case wherein any patent has been given 
such a broad determination. The effect would be to limit the field 
of invention te only a score of patents, and bur the use of improve- 
ments no matter how meritorious. 

The claim of Bell to the broad art of trausmitting speech by eleo- ‘ 
tricity by means of the undulatory current, even if sustained, would * 
not affect the right of this company to continue bu - iness, as the in- 
struments manufactured under its patents, as proved by the highest 
experts, operate in an entirely different manner, and consequently : 
do not inftinge. 


Messrs. WHEever H. Pecxnan, 
Witiiam S. Knox, 
A. Q. KeEassey, 
Counsel Molecular Telephone Co. : 


Gentlemen, — Will you favor me with your opinion of the decision 
of Judge Wallace, lately rendered in the Telephone case, as the same 
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affects any of the questious raised in litigation between this com- 
pany and the American Bell Telephone Company. 


Aud oblige, very respectfully, 
(Signed) C. F. LIVERMORE, 


President Molecular Telephone Co. 
New York, Dec. 4, 1884. 


Canas F. Livermore, Esq., 

President Molecular Telephone Company: 

In reply to yours 4th instant, we would say that, in our opinio., 
the decision of Judge Wallace only affects the single defence sct up 
hy your Company, among many others, of the inventions of Daniel 
Drawhaugh, which were set up by way of anticipation of Bell’s 
patent. Indeed, Judge Wallace says that by the pleadings and 
arguments of counsel, practically the question for him to decide was 
whether Bell or Diawbaugh was the original inventor of the tele- 
phone, and the principle involved in its operation. It seems to have 
heen conceded in the case that either Bell or Drawhaugh was the 
original inventor of the telephone in the broad sense. Such a con- 
cession is, in our opinion, fatal to a fair trial or comprehensive 
decision of the merits of Bell’s alleged invention and the validity of 
his patent. 

Your Company rely, by way of anticipation, upon prior discov- 
eries and inventions, which are proved, with a single exception, by 
publications and contemporaneous printed documents. 

There was no defence of non-infringement made in the Drawbaugh 
case, an important question in your case, neither does Bell’s patent 
of 1876 seem to have been seriously attacked in what seems to us its 
manifestly vulnerable points, and Judge Wallace devotes but a tri- 
fling space to its consideration, and adopts the construction of the 
Circuit Court in Massachusetts, in cases where there wus the same 
want of vigorcus attack, and where there was also the same fatal 
concession of Bell’s title to the invention of the telephone. 

It seems also, from the language of Judge Wallace's decision, that 
it was also conceded that Bell or Drawbaugh was the discoverer of 
the undulatory current, and that it was the contention to which of 
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them that discovery belonge. Nothing could be more unfounded 
than such a claim. The title of either or both of them is disproved 
by official documents that put that question beyond doubt. 

In conclusion, we see nothing in the decision referred to in your 
letter which has any effect, as a decision, upon any of the questions 
involved in your litigation with the Bell Company, except upon the 
questions involved in the alleged discoveries and inventions of Daniel 
Drawbaugh. 

(Signed) 
WHEELER H. PECKHAM, 
WILLIAM S. KNOX, 
A. Q. KEASBEY. 

New York, Dec. 5, 1884. 


BXHIBIT DR. BRADLEY’S MORSE-SOUNDER ARTICLE. 
Fiom the Scientific American for Sept. 22, 1860. 
IMPROVED RELAY AND SOUNDER. 


* We mentioned last week that we should present in this issue an 
illustration of Dr. Bradley’s improved relay magnet and sounding- 
board, hy which far greater delicacy in the magnet was obtained, 
and local circuits in telegraph offices wholly dispensed with. 


| 
4 
4 
t 
4. 
2 The accompanying cut is a representation of this neat little appa- 
: ratus. A is the helix of copper wire, with the two ends 55 (of 
4 soft iron, which is made magnetic by the passage of the electricity 
around it) projecting from the ends of the helix, and bent over 


along its outer sides. The round armature c is suspended at its 
middle by a delicate spring, between the two ends of the magnet, in 
such a position as to be in close proximity to them throughout the 
length of the helix, and to he caused to oscillate on its spring ſul- 
crum, by the joint action of beth ends of the magnet, drawing the 
ends of the armature in opposite directions. Attached to the lower 
end of the armature is the thin blade of metal e, which has a shovel- . 
shaped enlargement at its lower end for striking the two wires dad. 
that are stretched on the sounding-board E. The wires dd are 
bridge on each side of the point at which they are struck, by which 
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means they impart but a single wave of vibration to the air, pro- 
ducing a sharp, clear, short sound, without any prolonged musical 
tone. The spiral spring G draws the armature back from the mag- 
net when the circuit is opened, and the action of this spring is ren- 
dered more rapid by putting it in a state of tension, which is done 
by applying a counteracting spring g to the armature on the oppo- 
site side of the fulcrum. This property of springs, by which the 
r. pĩdity of their action is increased without increasing their power, 
is an important discovery in mechanics made by Dr. Bradley. 

In winding the helix, after a certain number of layers of wire, a 
loop is brought up and connected with a brass knob in the end of 
the helix; and in the course of the winding, similar loops divide the 
helix into a number of concentric sections. As electricity always 
takes the shortest road along conductors equally good, if one end of 
the conducting wire is fastened to the helical wire at its inner end, 
and the other end of the conducting wire is connected with the inner 
ecction by its brass knob, the flow of electricity will be only through 
the inner section of the helix, and by conuecting with the different 
knobs any desired portion of the helix may be brought into the 
current. To facilitate this adjustment of the helix, two levers, à, 
are secured to the top of the helix, in such a manner that one end 
of each may be placed readily in contact with either of the brass 
kuobs which are placed in a circle concentric with the fulcrum of the 
levers. 

The form in which this magnet is constructed, by affording a large 
amount of attracting surface, and by securing the action of the elec- 
tricity on both the inner and outer surfaces of the helix, obtains a 
larger amount of attractive power from a given length of helical 
wire than is realized from the ordinary magnet with the double helix ; 
and in practice it is found that the iron becomes magnetic, and is 
demagnetized more rapidly and completely than is the case in the 
old relay. The hanging of the armature, too, in this magnet is so 
delicate, that it acts without any difficulty from the current of the 
main line, requiring no local current; and the sounding-board so 
increases the loudness of the knocks that they are read by the ear 
with the greatest facility. It has been tried on the lines between 
Now York and Buston, and on those between New York and Mon- 
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treal, and invariably gives the highest satisfaction to the operators. 
The apparatus above described, with the key represented in the 
corner of the cut, is all the apparatus required for telegraphiug, in 
addition to the main wire and batteries. It will be understood that 
this does not embrace Dr. Bradley's recording apparatus, spoken of 
in our last week’s issue, by which he can transmit 15,000 words in 
an hour. The action of this is limited by the power of the hand 
and ear to make and interpret telegraphic signals. 

The patent fur this invention was granted on August 28, 1860; 
and further information in relation to it may be obtained by address- 
ing the inventor, Dr. L. Bradley, 38 Pine Street, New York City. 


EXHIBIT HOLCOMB MORSE-SOUNDER ARTICLE. 
From Scientific American for Oct. 20, 1860. 


IMPROVEMENT IN ELECTRO-MAGNETS. 


The practical working of the electric telegraph has caused a very 
wide diffusion of a knowledge of electricity and magnetism among 
our people, and the hope of making valuable inventions in this de- 
partment of the arts has led to an intense study of the various 
phenomena of these forces. We have already described a number 
of inventions in telegraphing, and the field seems to be just faily 
opening before our inventors. The invention which we here illus- 
trate does not relate to the details of telegraphing, but is an im- 
provement in the electro-magnet for whatever purpose use l. 
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A permanent steel magnet, C, has connected with its two poles, 
A and B, the soſt iron cores of two helices, D and E. In front of 
the poles of these cores is placed the armature F, to which is 
attached the straight steel wire 9, operating as a spring, by being 
drawn a little from a straight line between the two points to which 
the ends are fastened. 

Cuppesing the magnet is to be used as a relay magnet in tele- 
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graphing, the spring is so strained that it will just balance the power 
induced in the cores hy the permanent magnet, in which case the 
platinum point at the end of the lever A, to which the armature is 
attached, will be neither fully in contact with the corresponding 
point on the standard I, nor yet so far removed from it as to en- 
tirely break the local circuit. Now if the electricity be co passed 
through the helices D and E, as to add its force to the influence of 

the permanent magnet, the magnetism of the cores will be so in- 
creased that they will draw tho armature forward, thus completely = 
and certainly breaking the local circuit. Then if the current he 
reversed, so as to counteract the influence of the permanent magnet 

on the soft iron cores, the power of the spring will draw back the 
arniature, effectually closing the local circuit. It will be seen that 

this arrangement permits the employment of a spring twice as pow- 

erful as if no permanent magnet were used, or it enables a spring of 
given power to operate with a current of half the force. 

The inventor says this magnet has been thoroughly tested for 
telegraphing and found practicable, and that it can be easily applied 
to every kind of telegraph instruments. 

A patent for this invention was granted on the 15th of May, 1860, 
and further information in relation to the matter may be obtained by 
addressing the inventor, Alfred G. Holcomb, of this city. 

Mr. Holeomb informs us, that, to measure the increase of attrac- 
tive power produced in the soft iron cores. of the helices: by the 
combination of the steel magnet and the battery, he arranged a 
delicate lever, like a steelyard, to draw away the armature from 
the ends of the cores by means of a weight, and obtained the fol- 
luwing very singular results, showing that the power of the cores, 
under the combined action of the battery and permanent magnet, 
was greater than the sum of its powers under the influence of the two 
separate. In the table below, the first column shows the power of 
the cores, when subjected to the battery alone with currents of vary- 
ing f::ree ; the second column its constant power, under the influence 
of the steel magnet alone; the third column, the power when both 
were combined ; and the fourth column, the differences between the 
third and the sum of the first two. The close relation between the 
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first and the fourth is very curious. The numbers are unit: of the 
weights used. 
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IMPROVEMENT IN TELEGRAPHIC INSTRUMENTS. 


Specification forming part of Letters Patent Ke. 96,976, dated May 15, 1688. 
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ALFRED d. HOLCOMB, OF NEW YORK, X. v. 
IMPROVED ELECTRO-MAGNET. 


Specification forming part of Letters Patent Ne. $9,498, dated June 4, 1261. 
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ROYAL k. HOUSE, OF BINGHAMTON, NEW YORK. 
IMPROVEMENT IN ELECTRO-PHONETIC TELEGRAPHS. 


Specification forming part of Letters Patent Ne. 46,406, dated Jane 2, 1856. 
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Suited States Patent Office. 


ROYAL B. HOUSE, OF BINGHAMTON, NEW YORK 


* Letters Patent Ho. T1282, dated May 12, 1808. 


IMPROVEMENT IN ELEOTRO-PHOSETIO TELEGRAPH. 


The ab nb tx hese Yollers Yakeal sab mabing pert of Ge mame. 


TO ALL: WHOM If MAY CONOCERS : 
Be it known that I, Revat. B. Hovan, of Biaghamten, in the county of Broswe, aad State of Now York, 

have invented new and uscfal Improvements ia the Electre-Phenctic Telegraph; cad that the following, taken 

ia connection with the drawings, is a fell clear, and exact description thereof. 

Is the which are on two shests— 

Figare 1 ie a side elevation of the sounder and helix, with their accessories. 

Figure $ is a hesiacatal ead leagitadias! section throagh a helix and esunder, cn the red line in fig. 1 

Figare 3. is a ceotion through = helix, on 9 vertical red line in fig. 1, showing 2 ect of deflective uccdies, 

end an interior view of the bai which is nearest the noodles in the direction of the sounder. 

Figure 4 is an end clevaticn of a scunder. 

Figure & is a side elevation of an clestze-magnet, sounder, and acocsserics. 
eee — ctateaeamceeeain aeaaas inside carve of the 
reflester for any given length end diameter. 

The feature of mv present tavention may be divided inte threo beads, and ere— 

First, a ssunder, co esastracted — mon 
— eee ear, by which means greater distinet- 
nen of sound is secured. 

Second, a dcSestive-nesiile helix, , sad arranged with reference to bringing a greater leagth of 
insulated wire, in dd proximity to the permanent deflestive magnetic force, te be deflected by the pacenge of 
am clestsic current threagh.the insulated wire of the helix, than heretofore practised. 

Thied, increasing the permanent Gcflestive magnetic force which is to be deflected in proportion to the 
increased inertio of the materiel employed for thet purpese, which enables mo te augment the foree, so as to 
produce cuficiently rapid and heavy blows by moving through execotiagly chert distances, which removes the 
GiGeslty of bounding. 

I shell now proceed to describe the sounder and its accessories. 

The sounder A, figs. 1, 3, 4, and 5, ic composed of a refecter, B, semewhet barrel-cheped, and clesed at the 
end opposite the intensified point G ac shown in figs. 1, 2, and &, by the incerticnef D, which hes 
edjestable limiters F F er F* F* attached, for the purpose of limiting the moticn of on ermatere, B, fig. 5, of 
an clectro-magnet, I, or the motion of 2 cot of defective n ized in shaft G, figs. 1, 2, end 8. 

In the construction of reflectors that intensify the o by 2 single reflection, 20 practiced in the present 


inside of a reflecter of any given length aed reqpired diameter. that the lows of sound correspond 
with these ef light, the particular form of the curve of the cides of the reflecter for any givén leagth may be 
ascertained by the ru of light. 

I generally use a desicable number of emall wicrers, arranged 22 shown in fig. 6, in which the eye is placed 
at the intensified point C, aad a candle, J, er seme other suitable object, is placed at a point equidistant from 
each limiter N. cn counding-heod D, and reflected, by a single reflection, to the intensified point O, by mirrors 
12334561789, pleced at suitable angles, thes fixing the position of cach point of & curve, co as to be aver- 
— . arm es 


— . 
—— ͤ — 

Darn of wood or gicss, or any suitable material. I prefer pine weed. One 

„ ng ne a l 

varnish, and Sized ia its respective end of the reflecter, answers a goed , providing the size of the pattern 

of the reflector is made with reference to thet diameter. 


08 
: ane 


a 


ett: ee ee AAA IN fe aa NR NN. ee AE tA Ml Mt eee eee eee rr A A ENN AN AI RF AB OES ET ON I le LEM „„ „%%% ͤ IE a ERI 
. 
* 


The limiters F F, figs. 1, 2, and 8, shoald- be made ctif and light, of suitable-cised thin brass tubing, and 
Szed, in an adjustable manner, to D, and clesed at the ends, which are to reesive the blows 
from the set of defective needles fed in shaft G. 

Tho soundsr A is suspended in s proper position, by being suitably hinged to the ease which holds the helix 
L. Twe detached ecctions of the case K K are represented in fig. 1. The opposite cide of the sounder is 
adjusted by thumb-corew M, which rests against the case K, and corews through the projecting orm Ni, fg. 1, 
which is Sized em the lower side. 

The withisewal or moving up of limiters J. represented ia figs. 1, 2, and & is accomplished by serewing 
up or unceveuing the edjusting-ccrew M. 

I have eumetimes need a com against the ond of screw M, arranged co that: moving the com bockword or 
forward p che same effect as moving the screw. 

I have mew Gencribed the sounder, and the mode of using it in combination with defective needles, and will 
new give ensther mode of using it, in combination with a receiving slestre-magnet of e telegraph-line without 
2 lecal cireutt. 

I have Geund, by experiments, that when the force of an armatase of a receiving-maganet ie expended cn 
limiters F T°, Gy Gmitiog the motie: 2222.28. —2 2 chen Cp 
electrical powur 3s ly sufficient tz produce motise. 

I have combined a very good arrargement, which 's represented i fig. 6, in which one limiter ie strack on 
the end, and the ether on the side, which, for distinctaces of sound, answers an excellent purpese. The method 
of striking one limiter on the side and the other on the end, to produce distinctness of sound, is not new, but 
bas been long in use in local circuits where the magnetic force was sufficient witheet the employment of an 


sounder. 
Fig. 5 represents the combigatien of the old arrangement with reflester B and D, which may 
be placed in a stationary manner en the frame which holds the temporary electre-magnet I, fig. 5, which bas an 
armatere, H, with an adjustable reacting spring, O, and a fixed arm, P, projecting from the ormetare at right 
— on an ais at Q, so that when the magnet_I is charged with magnetion, the armature H 
brings the fixed arm P ia contact with the dad of miter F. and when disebirged, the reacting spring pelle the 
end of armatare H against the side of limiter N. 
I shajl now proceed to describe the second and third parts of the featere of my inventies. 


In the constrection of a permanent defective magnetic force, figs. 1, & and &, designated by the letter R, 


I select the best material of cast steel, of suitable size and length for permanently holding an amount of mag- 
tien which shall be the largest in proportion to the weight of steel employed for that purpose. I then 
meltiply the member of such pieces to any extent desirable, or, at least, until suitable weight is attsined to 
make audible sounds, by arresting their motion against the ends of limiters F F, —— 
deflected threagh -an ly short distance, say, ene-hundredth of an inch. They are then arranged with 
similar poles side by side, and at such distances apart as will allow cach defiective needle to retain its fall force 
——— ——o—U M0 oem emcee 
suitable-cized aperture, provided with a sot-ccrew foreach neodle, designated by the letter 

—— — eee eo see 
@cflection of an.crdinary compase-neodie, placed at. d proper distance and in a suitable pesition from the north 
or south poles of two or more magnetized neodles, erranged parallel with each other, and their similar poles 
side by side, in e movable manner, se 0s to increase or dimisish the distance between them so désired, the 
experimenter being carefal to note the degrees of deflection of the compacs-ndedle which exists at the several 
Gistances threagh which they are moved, and then selecting for use thé distance between the magnetized 
neodies when 2 maximum charge of permanent magnetiom was shown by the compass-necdie to exist. 

The nember of defective neodles which compose a sot may be increased according to the length and inse- 
lation of the teleguaph-line in which they are used. When combined with a line of ordinary length and e- 
strecticn, the number shown in the drawings weeld answer a geod parpese, but if used in connection with s 
very long submariné-telegraph line, ia which extremes seasitivencss becomes important, the number of defective 
nesdies sheald be cz inereased. | a 
1, 2, and 8, may be held in any frictionless manner that will allow it to 
have used it with mech success with the neodle-chaft in a vertical pesi- 

, suspencory-epparatas, which acts as a reacting power, and which may be 
regulated by terion to mest the exigencies of = waste-current of & 

The connection of the torsion ia made by connecting its lower end to the upper end 
of wice R, figs. 1 aad &, which is fixed in the upper end of the cociljating-ncodle shaft G. This arrangement 
seguises the use of a frictionless device, te secure the centre of motion of the neodles at a led 


: — . ‚«— 5 feta etme, 


for this puarpese, a knife-cdge, S, figs. 2 and & fixed in an opening, T; of the shaft O, ia a 
euitable manner to secure the axis of motion, by lightly bearing against the bottom of a suitable shaped cavity 
formed in arm U, which may be fixed to the helix L in any suitable meaner. 

Tho force to ben the knife-cdge restiog ogeinst the bottom of the envity V may be incressel by coriying 
the point of suspension of the sespencory-appatates cat of 2 vertical line, ia en opposite direction from the 


limiters, or diminished by moting it back toward them. Ic is important that the forces be 00 regulated as to 


prodace the desired et without diminishing the sensitiveness with which the bnife-cdge acts in ite-bcaring. 


I will now explain the mode of obviating the dificalty in the arrange.sent previcesly patented, ia which 
the defiestive veodlo bed o tendeney to slightly atjck to the limiters, which limited ies motion, by coming in 


— 


given nuinber uf convolatioas. : 

In the present inveation, the poles and intervening ep tees of the set of defective needles are relativel⸗ 
arranged at right aagies te the sides of the oblong aperterc, and at right angles te the axis uf the helix, os 
shows ia fg. 3. 

The amount of helical wire of a given size, used ia forming a ized number of layers with 6 given wamber 
of convolations, in the constrection of such Lelices, is regulated by the number, size, and length of the deflective 
neden, and the spece alletted to cach necile, respectively. 

The principle used in the latter arrangement admits of increasing the length of helical wire in the en- 
struction of a deflective-nesile helix, Ly engmenting the namber of defective ucedies and spaces, by which 
the increased length cf helical wire wiil be correspondingly acted ape by the increased number of defective 
maguetic needles. . 

The present iaventsen relates to improvements in a previcusly-granted patent, numbered 48,406, on the 
clectre-phenctic telegtaph, and the parts hereia specified are te be substituted fer | perts thereia 
described, for the parpese of increasing distinctness of sound, and remedying the beqading of the needle and 
tendency to stick to the limiters, when used with a heavy escape-current, and te increase the deflecting gower 
eee 

present invention, or all of them, wey be combined with suitable of a magnetic-telegraph lice now ia 
— — or dion Gv Geeta aaa er by changing the current by the 
use of a key or commatater. 
What I claim és my inventions, and desire te secure by Letters Patent, is as. follows: 
1. The use of the reflect r, shaped aad proportioned in accordance with the principles described, and for 


2. The respective arrangement and combination of the reflector and n hend, as described. 

A. The combmnation of the reflector with sounding-head aad limiters, a6 described, and for purposes set forth. 

4 Hinging the sounder and adjesting its angle, es described, for the purpose of regulating the distance 
threagh which the permanent magnetic force shall move. 

&. The ase of a set of deflecting magnetized needles, coustrected as described, and relatively arranged as 
* 

the axial apertare of a deflesting-necdle helix as described, and for the perpeses set forth. 

:. The combination of = deflective-nesdle heliz, coustrected with an axial epertere, as described, with a 
set of defective needles, constructed and relatively arranged 20 described, for perpeses ect forth. 
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The limiters F F, figs. 1, 2, and 8, should. be made ati and light, of suitable-cised thin bress tubing, and 
Szed, in an adjustable manner, to i D, and closed at the ends, which are te reesive the blows 
from the set of defective needles fixed in shaft G. 

couniier A. is suspended in » proper position, by being suitably hinged te the enee which helde the belix 
L. Two detached ecctions of the case K K are represented in fig. 1. The opposite cide of the sounder is 
adjusted by thamb-cerew M, which rests against the case K, and ccrews through the projecting arm N. fig. 1, 
which is Size en the lower side. 

The wiehisewal or moving ep of limiters F P. represented in figs. 1, N and d is accomplished by serewing 
up or unscrewing the adjusting-ecrew M. 

I have qumetimes used s cam agninet the cad of screw M, arranged co that: moving the com bockward or 
forward padde same effect as moving the screw. 

I have mew Gescribed the sounder, and the mode of easing it in combination with defective needles, and will 
new give ensther mode of using it, in combination with a receiving dlectre-magnet of 6 telegraph-line without 
a lecel er 

I have Gsund, by experiments, that when the force of an armatase of a receiving-mognet ie expended on 
limiters FRN Hmiting the motio: . ˙ w antite esand & pesiated, oun “hee Op 
electrical power 3s ly saffcient ta produce moticn. 

Ihara combined very god arrangement, whieh 's represented in 6 in which one inter i rect on 
the ead, and the other on the side, which, for distinctaces of sound, answers an execiient perpese. The mothed 
of striking one limiter on the side and the other on the ond, to produce distinctness of sound, is net new, but 
bas been long in use ia local circuits where the magnetic force was sufficient wines the employmest of on 


sounder. 

Fig. 5 represents the combigation of the eld arrangement with reflector B and sounding-head D, which may 
be placed in a stationary manner on the frame which helds the temporary electre-magnet I, fig. & which hes on 
armatere, H, with an adjustable reacting spring, O, aad a fixed arm, P, d omn, P, projecting from the stmetere ot right 
engles,.and working on an axis at Q, so that when the magnet I is charged with the armature H 

the fixed arm P ia contact with the dad of iter F. and when dischirged, the reacting spring pulls the 
end of armatare H against the side of limiter F. 
I shajl now proceed to describe the second and third parts of the feature of my invention. 


In the constrection of a permanent defective magnetic force, figs. 1, 2, and &, designated by the letter E. 


I select the best material of cast steel, of suitable sise and length for permanently holding an amount of mag- 


netiom which shall be the largest in proportion to the weight of steel employed fox that purpose. I then 


maltiply the number of such pieces to any extent desirable, er, at least, until suitable weight is attained to 
make aadible sounds, by arresting their motion against the ends of limiters F F, figs. 1, 2, and 8, after being 
deflected throagh-an exesedingly short distance, say, one-hundredth of an inch. They are then arranged with 
similar poles side by side, and at such distances apart as will allow cach deflective needle to retain its fall force 
of magnetion, in which relative pesition they are-Exed to the cocillating-chaft G, Sigs. 1, 2, and 8, which hes 0 
suitable-sized apertare, provided with 8 sot-screw for each noodle, designated by the letter R. 

The necessary distance between each eonsccetive nesdlc may be ascertained by. measerements mace by the 
defection of an.ordinary compass-necdie, placed at. proper distance aad in a suitable pesition from the north 
or south poles of two or more magnetized neodles, arranged parallel with each other, and their similar poles 
side by side, in a movable manner, s0 as to increase or diminish the distance between thom ee désired, the 
experimenter being carefel to note the degrees of defection of the eme i, which exists at the several 
Gistances through which they are moved, and then selecting for use thé distance between the magnetized 
needies when a maximum charge of permanent magnetism was showa by the compess-necdie to exist. 

The nember of deflective neden which compose a set may be increased according to the length and inse- 
lation of the teleguaph-line in which they are used. When combined with 6 line of ordinary length and e- 
eien, the number shown in the drawings would answer 6 good perpose, bat if used in connection with 6 
very long cubmariné-tolegraph line, in which extreme sensitiveness becomes important, the number’ of det 
nesdies sheald be correspondingly increased. 

The escillating-ncodle shaft G, 1, 2%, and 8, may be held in any frictionless manner that will allow it te 
escillate freely without trembling. I have used it with mech cuceces with the neodle-chaft in a vertical pe- 


tion, suspended bby a suitable torsién suapencory-epparatas, which acts as a reecting power, and which may be 
regulated by tenen to mest the exigencies of a waste-current of ö telégraph-line. 
The connection of the torsion ia made by connecting its lower end to the per end 


shafe G. This arrangement 


of wire BR, figs. 1 and 8, which is fixed in the upper end of the 
nales at a Ezed 


requires the use of a frictionless device, to secure the centre of motion of the 


point in the contre of the axial aperture of the deflective-necile helix L, Gigs. 1, 2, and 8, and I hare selected, 


for this purpose, a knife-cdge, S, figs. 2 and 3, ized in an opening, T; of the cocillating-acedie shaft O, in a 
euitable manner te secure the axis of motion, by lightly bearing against the bottom of a suitable shaped cavity 
formed in arm U, which may bo fixed to the helix L in any suitable manner. 

Tho force to beep the knife-cdge resting against the bottom of the cavity V may be increese! by corzying 
the point of suspension of the sespensory-appatates eat of a vertical line, in am opposite direction from the 
limiters, or diminished by moving it back toward them. It E important that the force be 00 regulated as te 
prodace the desired effect without diminishing the sensitivences with which the haife-edge acta in ita - bearing. 

I will now explain the mote of obviating the dificalty in the arrangement previcusly patented, ia which 
ths defective necile bed tendency to slightly etjek to the limiters, which limited ite motion, by coming in 


| | 
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contact with its magectised parts, 66 03 to diminish its sensitiveness when operated on e telegraph-line having 
@ heavy escape-carrent. This dificalty is removed in my present invention by arranging the jwiters F. figs. 
1, 2, and & se as to be strack with device W. made of de.nagnetic metal, and fixed to each end of the tue 
defective needles nearest the centre of the set in shaft G. 

The deflective-necdlec helix L, used ia combination with the set of deflective needles, is constrected with an 
axial aperture, tne shape and size of which is made with reference to the length, sine, and number of defected 
needles, arranged in a row parallel with each other. and with each con<seative needle seperated from the other 
at such distances apart as to allow cach needle te retain its full amount of deficctive magnetic foree. A good 
idea of this pert of the invention may be gained by examining fig. 3, in which is represented half of the deflective- 
needle helix, showing an axial apertere constreete! and relatively arranged and combine! with a set of deflect- 
ive needles, ia accordance with the principle: of this part of my invertion. 


The arial aperture in deflective-needie heliecs heretufore constructed for telegraphic parposes has had an 


oblong shape, with a deflecting rcedle placed in the centre. with its poles in 2 parallel pcsition with the sides 
of the oblong, and at right angles te the axis of the helices. 

The amount of helical wire of a given size used in constracting sach helices has been regulated by the 
length aad eise of a single or compeand ‘Ichoctive weadle, and the namber of layers of helical wire having a 
given nuinber uf convolutioas. : 

In the present inveation, the poles and intervening spices of the set of defective needles are relativel⸗ 
arranged at right aagies te the sides of the oblong aperterc, and at right angles te the axis vf the helix, as 
shown ia fig. 3 

The amount of helical wire of a given size, used in forming a ized number of layers with a given wawber 
of convolativns, in the construction of such kelices, is regulated by the number, size, and length of the deflective 
needles, and the spece allotted to cach necile, respectively. 

‘The principle used in the latter arrangement admits of increasing the length of helical wire in the e- 
struction of a deflective-nesile helix, Ly angmenting the namber of defective ucedies and spaces, by which 
the increased length cf helical wire wil be correspondingly acted up by the increased number of deflective 
maguetic needles. . 

The present iaventsen relates to improvements in a previeusly-granted patent, numbered 48,406, on the 


tendency to stick to the limiters, when ased with a heavy escape-current, and to incrence the deflecting power 
of the helix hy increasing the leagth of helical wire and permanent magnetic foree, or some of the parte ef the 
present invention, er all of them, may be combined with suitable parte of a magnetic-telegraph lice now in pablic 
use, and operated either by breaking or closing the ciresit of clestricity, or by changing the current by the 
use of a key or commatater. 

What I claim és my invention, and desire te secure by Letters Patent, is as. follows: 

1. The use of the reGectur, shaped aad proportioned in accordance with the principles described, and for 


2. The respective arrangement and combination of the reflector and sounding-head, as described. 

A. The combsnation of the reflector with sounding-head and limiters, at deseribed, and for purposes set forth. 

4.. Hinging the sounder and adjesting its angle, as described, for the purpose of regulating the distance 
through which the permanent magnetic force shall move. 

&. The ase of a set of deflecting magnetised needles, constructed as described, and relatively arranged as 
edscribed, for purposes set forth. 

6. Conctrecting the axial aperture of a deflecting-necdle helix as described, and for the perpeses set forth. 

7. The combination of a deflective-nesdle helix, coustrected with an axial aperture, as described, with a 
eet of defective needles, constructed and relatively arranged 20 described, for perpeses set forth. 
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Frum Scientific American, Supplement, for June 8, 1878. 
(Reap serons Tas Rorat Society, Loxpon, Mar 9, 1878.) 


ON THE ACTION OF SONOROUS VIBRATIONS IN VARYING 
THE FORCE OF AN ELECTRIC CURRENT. 


BY PROF. D. E. HUGHES. 
CoMMUNICATED BY Pror. Huxtsy, F. R. S., utc. Recervep Mar 8, 1878. 


The introduction of the telephone has tended to develop our 
knowledge of acoustics with great rapidity. It offers to us an 
instrument of great delicacy for further research into the myste- 
ries of acoustic phenomena. It detects the presence of currents of 
electricity that have hitherto only been suspected, and it shows 
variations in the strengths of currents which no other instrument 
has ever indicated. | 

It has led me to investigate the effect of sonorous vibrations upon 
the electrical behavior of matter. Willoughby Smith has shown 
that the resistance of selenium is affected by light, and Bornstein 
has led us to believe that many other bodies are similarly affected. 
We know also that the resistance of all bodies is materially influ- 
enced by heat. Sir William Thomson and others have shown that 
the resistance to the passage of currents offered by wires is affected 
by their being placed under strains, and, inasmuch as the convey- 
ance of sonorous vibrations induces rapid variations in the strains at 
different points of a wire, I believed that the wire would vary in its 
resistance when it was used to convey sound. To investigate thie, 


-I made a rough-and-ready telephone, with a small bar magnet four 


inches long, half the coil of an ordinary electro-magnet, and a 
square piece of ferrutype iron, three inches square, clamped rigidly 
in front of one pole of the magnet, between two pieces of board. 
When using the pendulum beats of a small French clock, or the 
voice, as a source of sound, I found this arrangement supplied me 
with an extremely delicate phonoscope, or sound detector. 

All the experiments detailed in this paper were made with the 
simplest possible means, and no apparatus of any kind, constructed 
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by a scientific instrument maker, was employed. The battery was 
a simple Daniells- cell, of Minottu’s form, made by using three 
common tumblers, a spiral piece of copper wire being placed at the 
bottom of each glass and covered with sulphate of copper, and the 
glass being then filled with well-moistened clay and water. A piece 
of zinc, as the pusitive element, was placed upon the clay. Insu- 
lated wires were attached to each plate, and three of these cells were 
joined in series. All experiments were made on a closed circuit, 
the telephone being used as a phonoscope to detect variations in the 
current, and the consequent reproduction of sound. The apparatus 
or materials experimented upon were used in the same way as the 
transmitter of the speaking telephone of Bell. The attached sketch, 
Fig. 1, will make thisclear. B is the battery, S the source of sound 
or material examined, T the telephone or phonoscope. 

I introduced into the circuit at S a strained conductor — a stretched 
wire—listening attentively with 
the telephone to detect any 
change that might occur when 
the wire was spoken to, or set 
into transverse vibrations by being plucked aside. Gradually, till 
the wire broke, the strain was varied, but no effect whatever was 
remarked except at the moment when the wire broke. The effect 
was but momentary, but invariably, at the moment of breaking, a 
peculiar rush or sound was heard. I then sought to imitate the 
condition of the wire at the moment of rupture, by replacing the 
broken ends, and pressing them together with a constant and vary- 
ing force by the application of weights. It was found that if the 
broken ends rested upon one another witha slight pressure, of not 
more than one ounce to the square inch on the joints, sounds were 
distinctly reproduced, although the effects were very imperfect. 

It was soon found that it was not at all necessary to join two 
wires endwise together to reproduce sound, but that any portion of 
an electric conductor would do so even when fastened to a board or 
to a table, and no matter how complicated the structure upon this 
board, or the materials used as a conductor, provided one or more 
portions of the electrical conductor were separated, and only brought 
into contact by a slight but constant pressure. Thus, if the ends of 
the wire, terminating in two common nails laid side by side, and 
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maintain the pressure constant, all gave similar and invariable 
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separatod from each other by a slight space, were elcctrically con- 
nected by laying a similar nail betwee. them, sound could be repro- 
duced. The cffect was improved by building up the nails log-hut 
fashion, into a square configuration, using ten or twenty nails. A 
piece of steel watchchain acted well. Up to this point the sourd 
or grosser vibrations were alone produced ; the finer inflections were 
missing, or in other words the (imbre of the voice was wanting; 
but in the following experiments the éimbre became more and mo:e 
perfect, until it reached a perfection leaving nothing to be desired. 
I found that a metallic powder, such as the white powder — a mix- 
ture of sinc and tin — sold in commerce as white bronze,” and fine 
metallic filings, introduced at the points of contact, greatly added to 
the perfectien of the result. 

At this point, articulate speech became clearly and distinctly repro- 
duced, together with its (imbre; und I found that all that now re- 
m:ined was to discover the best material and fourm, to give to this 
arrangement its maximum effect. Although I tried all forms of 
pressure and modes of contact —a_ lever, a spring, pressure in a 
glass tube sealed up while under the influence of strain — so as to 


results, but the results varied with the materials used. All metals, 
however, could be made to produce identical results, provided the 
division of the metal was small enough, and that the material used 
does not oxidize by contact with the air filtering through the mass. 
Thus platinum and mercury are very excellent and unvarying in their 
results, while lead soon becomes of such high resistance, through 
oxidation upon the surface, as to he of little or no use. 

A mass of bright round shot is peculiarly sensitive to sound while 
clean, but as the shot soon become coated with oxide, this sensitive- 
ness ceases. Carbon again, from its surface being entirely free from 
oxidation, is excellent; but the best results I have been able to 
obtain at present have been from mercury in a finely divided state. 
I took a comparatively porous non-conductor, such as the willow 
charcoal used by artists for sketching, heating it gradually to a white 
heat, and then suddenly plunging it in mercury. The vacua in the 
pores, caused by the sudden cooling, became filled with innumerable 
minute globules of mercury, thus, as it were, holding the mercury 
in a fine state of division. I have also tried carbon, treated in a 
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similar manner, with and without platinum deposited upon it from 
the chluride of platinum. I [have also found similar effects from tho 
willow charcoal heated in an iion vessel to a white heat, and contain- 
ing a free poi tion of tin, zinc, or other ensily vaporized metal. 
Under such cunditions the willow carbon will be found to be metal- 
lized, having the metal dictributed throughout its pores in a fine state 
of division. Iron also seems to enter the pores, if heated to a white 
heat without being chemically combined with the carbon as in 
giaphite, and indeed some of the best results have been obtained 
from willow charcoal, containing iron in a fine state of divisi n. 
Pine charcoal, treated in this manner (although a non-condactcr as 
a simple charcoal), has high conductive powers, due to the iron, and 
from the minute division of the iron in the pores is a most excel- 


lent material for the purpose. 


Any one of these preparations, confined in a glass tube or a box, and 
provided with wires for insertion in a circuit, I call a “ transmitter.” 

Reis, in 1860, showed how, by the movement of a diaphragm, 
intermittent voltaic currents could be transmitted, agreeing in exact 
number with the sonoious waves impinging on the diaphragm, and 
thus reproducing music at a distance, by cau-ing an eleetro-maguet 
to vibrate in unisun with the diaphragm; and with an iron dia- 
phragm, Graham Bell showed how the vibrations of that diaphragm 
in front of a polarized electro-magnet could similarly induce mag- 
neto-currents, corresponding in number, amplitade, and form with 
the sonorous vibration, and thus reproduce all the delicacies of the 
human voice. Edison -and others have produced variations in the 
strengths of a conetant current, by causing the diaphragm to press 
directly upon some elastic conductor, such as carbon, spongy plati- 
num, etc., the varying pressure upon these materials varying the 
resistance of the circuit, and consequently the. strength of current 
flowing. Graham Bell and others have produced the same effect, by 
causing the vib:ations of the diaphragm to vary the elcctro-motive 
force in the circuit. It will be seen, however, that in the experi- 


ments made by myself the diaphragm has been altogether discarded, | 


resting as it does upon the changes produced by molecular action, 
and that the variations in the strengths of the currents flowing are 
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produced simply and solely by the direct effect of the sonorous 
vibrations. 

-I have found that any sound, however feeble, produces vibrations 
which can be taken up by the matter interposed in the clectrical 
circuit. Sounds absolutely inaulible to the human ear affect the 
resistance of the conductors described above. In practice, the 
effect is so sensitive that a slight touch on the board by the finger 
nail, on which the transmitter is placed, or a mere touch with the 
soft part of a feather, would be distinctly heard at the receiving 
station. The movement of the softest camel hair brush on any 
part of the board is distinctly audible. If held in the hand several 
feet from a piano, the whole chords — the highest as well as the 
lowest —can be distinctly heard at a distance. If one person sings 
a song, the distant station, provided with a similar transmitter, can 
sing und speak at the same time, and the sounds will be received 
loud enough for the person singing to follow the second speech or 
song sent from the distant end. 

Acting on these facts, I have also devised an instrament suitable 
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for magnifying weak sounds, which I call a microphone. The mi- 


crophoue, in its present form, consists simply of «a lozenge-shaped 
piece of gas carbon, one inch long, quarter inch wide at its centre, 
and one eighth of an inch in thickness. The lower pointed end 
rests as a pivot upon a small block of similar carbon ; the upper end, 
being made round, plays free in a hole in a small carbun block, 
similar to that at the lower en l. The lozenge stands vertically upon 
its lower support. The whole of the gas carbon is tempered in 
mercury, in the way previously described, though this is not abso- 
lutely necessary. The form of the lozenge-shaped carbon is not of 
importance, provided the weight of this upright contact piece is 
only just sufficient to make a feeble contact by its own weight. 
Carbon is used in preference to any other matcrial, as its surface 
does not oxidize. A platinum surface in a finely divided state is 
equal, if not superior, to the mercurized carbon, but more difficult 
and costly to construct. I have als» made very sensitive ones 
entirely of iron. | 
The best form and materials for this instrument, however, have 
not yet been fully experimented on. Still, in its present shape, it is 
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capable of detecting very faint sounds made in its presence. If a 
pin, for instance, be laid upon or taken off a table, a distinct sound 
is emitted, or if a fly be confined under a table-glase, we can hear 
the fly walking, with a peculiar tramp of its own. The beating of 
a pulse, the tick of a watch, the tramp of a fly, can thus be heard at 
least a hundred miles distant from the source of sound. In fact, 
when further developed by study, we may fairly look for it to do for 
us, with regard to faint sounds, what the microscope does, with mat- 
ter too small for human vision. | 

It is quite evident that these effects are due to a difference of pres- 
eure at the different points of contact, and that they are dependent 
for the perfection of action upon the number of these points of con- 
tact. Mureover, they are not dependent upon any apparent differ- 
ence in the bo lies in contact, but the same body, in a state of minute 
subdivision, is equally eff-ctive. Electrical resistance is a function 
of the mass of the conductor, but sonorous conduetiun is a function 
of the molecules of matter. How is it, therefore, that a sonorous 
wave can so affect the mass of a conductor as to influence its clec- 
trical resistance? If we assume a line of molecules, we know that a 
sonorous wave is accompanied by alternate compressions and rare- 
factions. If we isolate the part under compression from the part 
under dilatation, we vary the dimensions of the mass, and we alter its 
electrical resistance. In any homogeneous conductor of fiuite dimen- 
sions, the effect of the one will exactly compensate for the effect of 
the other, and we get no variation of current; but if we break up 
this homogeneous conductor into a series of minute subdivisions, 
without actually breaking their electrical continuity, we destroy this 
neutralizing influence, and we render evident the effect of sonorous 
vibrations in varying the dimensions of the muss of the conductor, 
and therefore in varying its electrical resistance, for we reduce the 
length of a portion of the conductor to a fraction of the length 
of a sonorous wave. Molecular action, alone, explains to me 
all the effects produced. Size or shape does not effect them. A 
piece of willow charcoal the size of a pin’s head is quite sufficient 
to produce articulate speech. I regard the action as follows: If 
we have two separate conductors, joined simply by contact, this con- 
tact offers a certain resistance. Now, we can vary or lessen the 
resistance by increasing the pressure, thus bringing more points in 
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contact, or closer proximity. Now, as I employ a constant pressure 
on the contact, which is exactly under the same influence of the 
4 vibrations as the points of contact, more points, or eluser proximity, 
enn only be obtained through the molecular swelling or movement tf 
the cuntact points. 

If we assume a line of molecules at the point of contact of tke 
minute masses of conducting matter in their neutral condition 
to be arranged thus, QQQOQOC They will appear thus under com- 
pression, 00000 and thus under dilatation, 8000 lu the 
former case the electrical resistance would be less, und in the latter 
case more, than in the normal condition. Hence we should get 
variation in their electrical resistance, and thus sonorous waves 
could vary the stiength of an electric current, and the variations 
uf the electric current can be made to reproduce sonoruus vibra- 
tions. These, however, would only produce the result in a certain 
line, say horizontal; but tho-e perpendicular, while producing the 
same result, would be a half vibration behind, and thus if two 
contacts, the one horizontal and the other perpendicular, were on 
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— the same piece of charcoal, and the conducting line joined to both, 


we should have interference. The contrary takes place, as the more 
contacts we have, and the more varied their direction on the same, 
the louder and purer the sound becomes. Hence there is nv inter- 
ference, aud consequently the whule mass must swell and diminish 
equaily in all directions ut the same instant uf time. 

The tube transmitter, which I exhibit this evening, consists of an 
exterior glass tube two inches long and one qua:ter of an inch in 
diameter. In it are four separate pieces of willow charcoal, each 
one quarter of an inch long, uud two terminals of the same material. 
The tei m. nuls are fastened iu the tube, and connect exteriurly with 
the line and iuteriorly with the tuur louse pieces, thus: 


Here A is made to press on 15, C, D, E, and F, until the resist- 
ance ollcred to the electrical current is about one third that of the 
line upon which it isto ve employed. It may be attached tu a r.s> ait 
board by the ends A or F. If the result was simply due to vibratiuns, 
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we should have A and B making greater contact at a different 
time from E and F, and consequent interference. If it was a simple 
shaking or moving of B. C, D, E, and F, it could pruduce no 
change, as if B pressed more strongly on C, it would be less on A, 
and also if the tube was attached by the centre we should have no 
effect; but if the effect is due to a swelling or enlargement of 
B, C, D, E, F, it would make no difference where it is attached to 
the resonant board, as is actually the case. Again, reduce the 
pressure of A upon B, etc., until they are not in contact, and to 
trace of current can be perceived by shaking the tube. The instant 
the sonorous vibrations pass in the tube there is electric contact to a 
remarkable degree, which could only have taken place by the mole- 
cules enlarging their sphere under the influence of the sonorous vi- 
brations. 

It is impossible to say what can be the applications of the effects 
of the discovery which I have had the honor of bringing befure the 
Royal Society, for the whole question has been studied with crude 
materia's, and scarcely sufficient time has elapsed to enable me to 
consider its ultimate uses. Ido not desire to assert that there is 
anything in what I have brought forward that is superior to or equal 
to other transmitters used for telephony. It is as loud and far more 
sensitive than any I have yet heard, and it may be increased by mul- 
tiplication of transmitting contacts in quantity or intensity; the 
loudness is at present limited by the capability of the receiver. 
The materials at my di<posal, and the arrangement of them, have 
not yet been sufficiently studicd. I only wished to show that it is 
possible to transmit clear and intelligent articulate speech, and to 
render audible sounds which have hitherto been inaudible, by the 
mere operation of sonorous vibrations upon the conducting power of 
matter. My warmest thanks are due to Mr. W. H. Preece, electri- 
cian to the Post Office, for his appreciation of the importance of the 
facts I have stated, and fur his kind counsel and aid in the prepara- 
tion of this paper. 

I do not intend to take out a patent, as the facts I have mentioned 
belong more to the domain of discovery than invention. No doubt 
inveutors will erelong improve on the form and materials employed. 
I have already my reward iu being allowed to submit my rescarches 
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5, From The London, Eiinburgh, and Dublin Philosophical Magazine end Journal 
; of Science, Vol. VI. Fifth Series, July, 1878, pp. 44-50. 
f ON THE PHYSICAL ACTION OF THE MICROPHONE.® 


In the paper read on the 9th of May, before the Royal Society, I 
gave a general outline of the discoveries I had made, the materials 
used, and the forms of microphone employed in demonstrating im- 
portant puints. I have made a great number of microphones, each 
for some special purpose, varying in furm, mechanical arrangement 
and materials. It would require too much time tu describe even a 
few of them, and as I am anxious in this paper tu confine myself to 
general considerations, I will take it for granted that some of the 
forms of instrument and the results produced are already known. 

The problem which the micruphone solves is this: Tu introduce 

into an electrical circuit an electiical resistance, which resistance 

c hall vary in exget accord with sonorous vibrations so as to produce 

an undulatory current of clectricity from a constant source, whose 

wave-length, height, and form shall be an exact representation of the 

sonorous waves. Iu the microphone we have an elcctric con:lucting 

material susceptible of being influenced by sonvrous vibrations, and 
thus we have the first step of the problem. 

Tne second step is one of the highest importance. It is essential 
that the electrical current flowing be thrown into waves of determi- 
nate form, by the sole action of the sonorous vibrations. I resolved 
this hy the discovery that when an electric conducting mutter in a 
divided state, either in the furm of powder, filings, or surfaces, is 
put under a certain slight pressure, far less than that which woul ! 
produce cohesion and more than would allow it to be separated by 
sonorous vibrations, the following state of things occurs. The mole- 
cules at these surfaces being in a comparatively free state, although 
electrically joined, do of themselves so arrange their form, their num- 
ber in contact, or their pressure (by increased size or orbit of revo- 
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lution), that the increase and decrease of electrical resistance of the 
circuit is altered in a very remarkable manner, so much so as to be 
almost fabulous. 

The problem being solved, it is only necessary to observe certain 
general considerations to produce an endless variety of microphones, 
each having a special range of resistance. 

The tramp of a fly or the cry of an insect requires little range, but 
great sensitiveness ; and two surfaces, therefo:e, of chosen materials 
under a very slight pressure, such as the mere weight of a small su- 
perposed conductor, suffice ; hut it would be unsuitable for a man’s 
voice, as the vibrations would be too powerful, and would, in fact, 
go so far beyond the legitimate range, that interruptions of contact 
amounting to the well-known make and break would be produced. 

A man’s voice requires four surfaces of pine charcoal, as is de- 
scribed in my paper to the Royal Society, six of willow charcoal, 
eight of boxwood, and ten of gas carbon. The effects, however, are 
far superior with the four of pine, than with either the ten of gas 
carbon or any other material, as yet used. It should be noted that 
pine wood is the best resonant material we possess; and it preserves 
its structure and quality, when converted into the peculiar charcoal I 
have discovered and described. 

It is not only necessary to vary the number of surfaces and mate- 
rials, in accordance with the range and power of the vibrations, but 
these -urfaces and materials must be put under more or less pressure, 
in accordance with the force of the sonoreus vibrations. Thus for a 
man’s voice, the surfaces must be under a far greater pressure than 
for the movements of insects. Still, the range of useful effect is 
very great, as the boxes which I have specially arranged for a man’s 
voice are still sensitive to the tick of a watch. 

In all cases it should be so arranged that a perfect undulatory cur- 
rent is obtained from the sonorous vibrations of a certain range. 
Thus, when speaking to a microphone tran-mitter of human speech, 
a galvanometer shculd be placed in the circuit, and, while speaking, 
the needle should not be deflected, as the waves of + and — elec- 
tricity are equal, and are too rapid to disturb the needle, which can 
only indicate a geneial weakening or strengthening of the current. 
If the pressure on the materials is not sufficient, we shall have a 
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constant succes<ion of interruptions of contact, and the galvanometer 
neville will indicate the fact. If the pressure on the materials is 
gradually increased, the tones will be loud but wanting in distinct- 
ness, the galvanometer indicating interruptions; as the pres«u:e is 
still increased, the tone becomes clearer, and the galvanometer will 
be stationary when u maximum of loudness and clearness is attained. 
If the pressure he ſui tber increased, the sounds become weaker, 
though very clear; and as the pressure is still farther angmented, 
the sounds die out (as if the speaker were talking and walking sway 
at the same ti:ne), until a point is arrived at where there is complete 
silence. 

When the microphone is fixed to a resonant board, the lower 
contact should be fixed to the board, so that the sonoro:13 vibrations 
act directly on it. The upper contact, where tho pressure is applied, 
should be as free as pssible from the influence of the vibrati-ns, 
except those directly transmitted to it by the surfaces underneath ; 
it (the upper surface) should have its inertia supplemented by that 
of a balanced weight. This inertia I find necessary, to keep the con- 
tact unbroken by powe ful vibrations. No spring can supply the 
required inertia; but an a-ljustable spring m iy be used to cn-u:e 
that the comparatively heavy lever shall duly press on the contacts. 

The superposed surfaces in contact may be screwe] down by an 
insulated screw p-ssing through them all, thus duing away with the 
lever and spring ; but this arrangement is far more difficult to adjust, 
and the expansion by heat of the screw causes a varying pressure. 
It is exceedingly simple, however, easily made, and illustrates the 
theoretical cunditions better than the balanced lever I have adopted 
in practice. 

In order to study the theoretical considcratiuns, and that with the 
most simple form of mier. phone, freed from all surrounding mech- 
anisms, let us take a flat piece of charcoal two millimeters thick anil 
one centimeter square, and after making electrical contact hy means 
of a copper wire un the lower surface, glue that to a small resonant 
board or better for the purpose of observation, to a block of wood 
ten centimeters square. Upon this superpose one or more similar 
blocks of charcoal, the upper surface in communication with a wire, 
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the lowermost surface resting flat, or as nearly so as possible, on the 
lower block. The required pressure 
is put on the upper block; and 
while in this state the two may be 
fastened together with glue at the 
A sides, or, better, by an insulated 
— screw. The pres-u'e can then be 
removed, as the screw or glue equally preserves the force. - Let the 
lower piece be called A, and the upper B; when we subject this 
board to sonorous vibrations, we cannot imagine an undulatory 
movement of the actual wave-length in such a mass, that is a length 
comparable with the real wave-length of the sonorous wave, which 
may be several fect. Nor can we imagine a wave of any length, 
without admitting that the force must be transmitted from molecule 
to molecule throughout the entire length ; thus any portion of a wave, 
of which this block represents a fraction, must be in molecular 
activity. 
The lower portion of the charcoal A, being part of the block itself, 
has this molecular action throughout, transmitting it also to the 
upper block. How is it that the molecular action at the surfaces of 
A and B should so vary the conductivity or electrical resistance as to 
throw it into waves in the exact form of the sonorous vibrations? 
It cannot be because it throws up the upper portion, making an 
intermittent current, because the upper portion is fastened to the 
lower, and the galvanometer does not indicate any interruption of 
current whatever. It cannot be because the molecules arrange them- 
selves in stratified lines, becoming more or less conductive, as then 
surfaces would not be required; that is, we should not require dis- 
continuity between the blocks A and B; nor would the upper 
surface be thrown up if the pressure be removed, as sand is on a 
vibrating glass. The throwing up of this upper piece B, when 
pressure is removed, proves that a blow, pressure, or upheaval of 
the lower portion t:xkes place; that this takes place there cannot bo 
any doubt, as the surface, c»n-idered alone (having no depth), could 
not bodily quit its mass. In fact, there must have been a movement 
to a certain depth; and I am inclined to believe, from numerous 
experiments, that the whole block increases and diminishes in size at 
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all points, in the centre as well as the surface, exactly in accordance 
with the form of the sonorous wave. Confining aur attention, how- 
ever, to puints on A and B, how can this increased molecular size or 
form produce a change in the electrical waves? This may happen in 
two ways: frst, hy increased pressure on the upper surface. due to its 
enlargement; or, second, the molecules themsrlves, finding a certain 
resistance opposed to their upward movement, spread themselves, 
making innumerable fresh points of contact. Thus an undulatory ° 
current would appear to be produced by infinite change in the num- 
ber of fresh contacts. I am inclined to believe that both actions 
occur, but the latter seems to me the true explanation, for if the 
first were alone true, we should have a far greater effect from metal 
powder, carbon, or some elastic conductor, such as metallized silk, 
than from gold, or other hard, unoxidizable matter; but, as the 
best results as regards the human voice were obtained from two sur- 
faces of solid gold, I am inclined to view with more favor the 
idea that an infinite variety of fresh contacts brought into play by the 
molecular preesure, affords the true explanation. It has the advan- 
tage of being supported by the numervus forms of microphone I 
have constructed, in all of which I can fully trace the effect. 

I have been very much struck by the great mechanical force 
exerted by this uprising of the molecules under sonorous vibrations. 
With vibrations from a musical box two feet in length, I found that 
one ounce of lead was not sufficient on a surface of contact one cen- 
timeter equare to maintsin constant contact; and it was only hy 
removing the musical box to a distance of several feet, that I was 
enabled to preserve continuity of current with a moderate pressure. 
I have spoken to forty microphones at once, and they all seemed to 
respond with equal force. Of course there mu-t be a loss of energy 
in the conversion of molecular vibrations into electrical waves; bat 
it is so small that I have never been able to measure it with the 
simple appliances at my disposal. I have examined every portion 
of my room, — wood, stone, metal, in fact, all parts, — and even a 
piece of india-rubber: all were in molecular movement whenever I 
spoke. As yet 1 have found no such insulator for sound as gutta- 
percha is for electricity. Caoutchouc seems to be the best; but I 
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have never been able, by the use of any amount at my disposal, to 
prevent the microphone reporting all it heard. 

The question of insulation has now hecome one of necessity, as 
the microphone has opened to us a world of sounds, of the existence 
of which we were unaware. If we can insulate the instrument so as 
to direct its powers on any single object, as at present I am able to 
do on a moving fly, it will be possible to investigate that object 
undisturbed by the pandemonium of sounds which at present the 
microphone reveals where we thought complete silence prevailed. 

I have recently made the following curious observation. A 
microphone on a resonant board is placed in a battery-circuit, 
together with two telephones. When one of these is placed on the 
resonant board, a continuous sound will emanate from the other. 
The sound is started by the vibration which i“ imparted to the 
board when the telephone is placed on it; this impulse, passing 
through the microphone, sets both telephone-disks in mot:on; and 
the in-trument on the board, reacting through the microphone, 
causes a continuous sound to be produced, which is permanent so 
long as the independent current of electricity is maintained through 
the microphone. It follows that the question of providing a relay 
fur the human voice in telephony is thus solved. 

The transmission of sound through the microphone is perfectly 
duplex; for if two correspondents use microphones as transmitters 
and telephones as receivers, each can hear the other, but his own 
speech is inaudible; and if each sing a different note, to chord is 
heard. The experiments on the deaf have proved that they can be 
made to hear the tick of a watch, but not, as yet, human speech 
distinctly ; and my results in this direction point to the conclusion 
that we only hear ourselves speak through the bones and not 
through the ears. 

However simple the microphone may appear at first glance, it 
bas taken me many months of unremitting labor and study, to bring 
tu its present state through the numerous forms each suitable for a 
special object. The field of usefulness for it wid. ns every day. Sir 
Henry Thompson has succeeded in applying it to surgical operations 
of great delicacy, and by its means splinters, bullets, in fact allt 
foreign matter, can be at once detected. Dr. Richardson and myself 
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the application by Sir H. Thompson is more successful, I do not 
doubt that we shall ultimately succeed. There is also hope that 
deafness may be relieved. For telephony articulation has become 
perfect, and the loudness increased. Duplex and multiplex teleg- 
raphy will profit by its use, and there is hardly a science where 
acoustics has any direct or indirect relation which will not be bene- 
fited. And I feel happy in being able to present this paper on the 
1esults obtained by a purely physical action to such an appropriate 
and appreciative budy as the Physical Society. 

In conclusion, allow me to state that throughout the whole of 
my investigations I have used Prof. Bell’s wonderfully sensitive tele- 
phone instrument as a receiver, and that it is owing to the discovery 
of so admirable an appliance that I have been cuabled to commence 
aud follow up my researches. 
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From Scientific American, June 8, 1878. 
THE CARBON TELEPHONE. 


Professor Huxley, on May 9th, read before the Royal Institution a 
communication received the day previous from Professor Hughes, of 
Kentucky, the well-known inventor of the type printing telegraph, 
now resident abroad, in which is described, as the original discovery 
by the author, a new telephone, remarkable for its simplicity, and its 
astonishing power of magnifying, and so rendering audible, the faint- 
est sounds. Professor Hughes claims to have discovered that certain 
non-homogeneous conducting substances, placed in circuit with a bat- 
tery, possess the property of converting sonorous vibrations into 
undulating currents of electricity, by which not only can articulate 
speech be transmitted to a distant Bell telephone, but the sound is 
very greatly magnified. It is well known that when contact is made 
and broken between a battery and a telephone, a loud, dull tick is 
produced. If, however, the resistance of the circuit or of the hat- 
tery is suddenly changed, a sound is made in the telephone, but it is 
of different nature. If, for example, the conducting wire is torn - 
asunder, there is heard a grating noise. The same is audible if the 
wire be bent, and it would appear that this is owing to the fibres, 
which constitute the wire, begiuning to give way or dragging over 
ne another, producing a variation of resistance. 
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Filling a glass tube with a powder of zinc and tin, Professor 
Hughes closed the extremities with plugs of gas carbon, which 
slightly compressed the contents. To these plugs the battery wires 
were attached, and a galvanometer was placed in circuit. On grasp- 
ing this tube by the ends, and pulling it so as to subject it to tensile 
strain, the galvanometer needle was deflected in one direction; on 
compressing the tube endwise, the needle moved the other way. 
The particles being separated, in the first instance, and forced to- 
gether in the second, the resistance of the circuit was varied, in- 
creasing the current in the former case, and decreasing it in the 
laiter. 

The only disposition of the tube to fit it for the purposes of a 
telephone was to attach it to the top of a emall bux, which served as 
a resonator, as shown in Fig. 1. Professor Hughes claims to have 
found that even a piece of vegetable charcoal impregnated with mer- 
cury, or with platinum perchloride, answers nearly as well as the 
tube ; and ordinary mechanical structures which contain a good many 
joints, such as a small machine, or a chain made into a little heap, 
act almost as well as the substances referred to. 

The simplest form of such a structure is shown in Fig. 2, in which 
two common French nails, A, are fastened down to a horizontal 
board, about a millimeter apart. Wires, X and Y, are attached to 


them leading to a battery, B, and a telephone, in euch a manner that 


the nails form the only break iy the circuit, which can be closed by 
laying any conducting material across them. When a third French 
nail is laid across the other two, it is clear that (as a cylinder can 
only touch another cylinder whose axis is not parallel with it in a 
single point) the electric circuit has a very imperfect connection at 
the points of coutact between the nails, and it is to this faulty con- 
nection that the sensitiveness of this arrangement is due. This ex- 
ceedingly simple device transmits sounds with wonderful distinct- 
ness and power. The most sensitive contrivance, however, yet 
devised by Professor Hughes, is represented in Fig. 3. It consists 
of a little pencil of gas carbon, A, held in small carbon blocks, C, 
which are attached to a thin sounding-board, secured toa moro solid 
base board, D. The blocks are connected by wires to the battery 
and line wire leading to the telephone. This little apparatus not 


4 


* 


* 

ow 

org 
* 


bad 


* 
. * 
Cian 
‘ 3 * 2 , 


* 7 


. . * 
teow 


7 


/ 


: 4 


“Jp 


ä . — 


’ 


4 “* 0 
0 
en 
— ee we — * 


„ 


1 — 


EXHIBIT SCIENTIFIC AMERICAN CARBON TEL. ARTICLE. 155 


only takes up and transmits articulate speech to a distant station 
with great power and distinctness, but “ it detects and converts into 
loud noises the minutest possible vibrations.” Professor Hughes states 
that “the tip of a soft camel's hair pencil gently stroked along the 
table on which the instrument is placed, is faithfully recorded as a 
loud rustling sound,” and that “the very footfalls of a little common 


house fly, as it walks along the board, are heard with unmistakable 
distinctness by a person whoee ear is at the distant telephone, which 
may be miles away.” 


The discovery on which all this is based seems to us closely simi- 
lar to that made over a year ago by Edison. He found that, when 
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properly prepared, carbon possesesce the remarkable property of 
changing its resistance with preseure, and that the ratios of these 
changes, moreover, correspund exactly with the pressure. His 
device for showing the decrease in resiztance is represented in 
Fig. 4. This consists of a carbon disk, two or three cells of bat- 
tery, and a galvanometer. The carbon is placed between metal 
plates, through which and the carbon the current passes. When a 
given weight is placed upon the upper plate, the carbon is subjected 
to a definite amount of pressure, which is shown by the deflection of 
the galvanometer needle. The greater the weight, the greater the 
deflection. Compare this device with Professor Hughes’s apparatus 
for the same purpose, represented in Fig. 5. Here the substance to 
be tested is placed between the jaws at D, and pressure can be 
increased or diminished by Fig. 4, placing small weights on the ber A, 


W- 


Fis. 4. 


on one side or the other of its pivoted centre. The bar is attached 
through C to the battery B, and the lower jaw is connected with the 
telephone and battery by the wires X and Y. With this instrument 
Professor Hughes tested powders and various substances in similar 
manner to Edison, a telephone being used, and the ticking of a 
clock observed instead of the deflection of a galvanometer needle. 
It is hardly necessary to point out to the intelligent reader that the 
two devices are exceedingly alike; and although Professor Hughes 
in his communication makes reference to Edison’s work, he does not 
seem to have fully apprehended its close bearing upon, or possible 
anticipation of, his own. He seems, in fact, to have been oblivious 
to the various descriptions of Mr. Edison’s discovery that have been 
published here. For example, it would not appear that he had read 
the description of Mr. Edison’s carbon telephone, published in the 
Scientific American of July 28, 1877. 
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It was, of course, but a step onward for Mr. Edison to substitute 
a diaphragm for the weight in his trial apparatus, and to cause the 
diaphragm to vibrate with varying degrees of pressure against the 
carbon by the vocal waves. The variations in the current would 
then cause it to possess all the characteristics of the vocal waves, and 
by its reaction, through the medium of an electro-maguet, might thea 
trausfer them to another disk, eee 
reproduce audible speech. 

Edison’s telephone, constructed on this principle, is —— 


- in Fig. 6, in which E is the carbon disk, A the diaphragm, and D 


and G platinum plates which hold the disk, and which are connected 
in the battery circuit. In a latter device Mr. Edison does away 
with the vibrating diaphragm altogether, and uses simply a rigid 
plate of metal to “ cuncentrate a considerable portion of the sonorous 
waves upon the small carbon disk or button.” 


Pia. 5. 


The annexed diaphragm, in which the hand denotes the direction 
of the sound waves, will show the difference which appears to niet 
in the two devices: 3 

Edison. Haghes. 
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It is of course impossible, without much more evidence than is 
before us relative to Professor Hughes’s experiments, to reach any 
certain judgment as between him and Mr. Edison, but a prima facie 
case in favor of the priority of the latter seems to us pretty clearly 
made out. As to the transmission of miuute sounds, Mr. Edison 
some time ago informed us‘of his having achieved that possibility, 
which, he said, extended to the registration of minute heat waves. 
Both inventors, however, are American, both are highly distin- 
guished, and both are equally capable of making so important and 


Fic. 6. 


creditable a discovery, so that the question we have raised will in no 
wise, in popular estimation, affect the surpassing value of their work. 
We are indebted to Engineering, and to Mr. George B. Prescott’s 
book on the “Telephone,” for our engravings. Professor Hughes’s 
communication to the Royal Society, as read by Professor Huxley, 
will be found in full in the current issue of the Scientific American 
Supplement, together with an account of certain practical experi- 
ments with some of Mr. Edison’s devices. 


EXHIBIT PREECE LECTURE, u., MAY 23, 1878. 


ARTICLE ENTITLED (CONNECTION BETWEEN SOUND 
AND ELECIRICITY,” 
A Lecture delivered by Mr. William H. Preece, before the Society of Telegraph 
Engineers, May 23, 1878, and printed in the Journal of that 
| Society, Vol. VII., page 270. ° 

Tae Presipent: I have now the pleasure to call upon Mr. Wil- 
liam Preece tu favor us with his lecture on The Connection between 
Sound and Electricity.” 


Mr. W. H. Preece: Mr. President, a late member of the present 
Ministry, at a dinner given by the Institution whose hospitality we 
experience in this hall, implied, on the authority of one of the leading 
members of the engineering profession, that invention, like cocktails 
and Colorado beetles, had taken root in America and had deserted 
old England. It is therefore to me, as I am sure it is to you, a 
great gratitication to have brought before us an invention which is 


the offspring of British soil. During the last few months the science 
of acoustics has made marvellous and rapid strides. First of all we 
had the telephone, which enabled us to transmit human speech to 
distances far beyond the reach of the ear and the eye. Then we had 
the phonograph, which enabled us to reproduce sounds uttered at 
any place and at any time; and now we have that still more wonder- 
ful instrument which not only enables us to hear sounds that would 
otherwise be inaudible, but also enables us to magnify sounds that are 
audible; in other words, the instrument which I shall have the pleas- 
ure of bringing before you to-night is one that acts towards the ear 
in the same capacity thut the microscope acts towards the eye. 

I may point out in the first instance thatthe telephone and the 
phonograph depend exsentially upon the fact —and a great fact it is 
— that the mere vibration of a diaphragm can reproduce all the 
tones of the human voice. In the telephone the voice is also made 
to vibrate a diaphragm, which by completing an electric circuit, or 
by varying a magnetic field, or by altering the resistance or electro- 
motive force of the circuit, produces effects at a distance which re- 
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sult in the reproduction of the motion of the diaphragm ; but in this 
new instrument diaphragms are cast aside, and we have the direct 
1 conversation of sonorous vibrations or sound-waves into forms of 
2 electrical action. 
1 Now if it had been the habit or custom of this Society to give to 
the papers and discourses delivered here sensational titles, I should 
have been inclined to call the few remarks I am going to make to-night 
“ A Philosopher Unearthed.” Professor Hughes is well known to us 
all. He has been more or less associate! with this Society since its 
first inception. Whenever he is in London he is always amongst us. 
His instrument is well known to us as one of the most exquisite 
pieces of mechanism ever invented, and his works, though few, are 
kuown because they are sound. 

The chief characteristic of this philosopher whom I have succeeded 
in unearthing is his extreme modesty. If he had been left to him- 1 
self I do not think we should even have had the microphone here ; but L oe 


by a lucky chance he recently admitted me into his secret, and I am 8 
enabled to-night to bring before you the results of his labors, and ä . 


they have been labors indeed. For months and months he has been 
working and striving at the ideas which at last he has elaborated into 
the microphone. 

Now, the chief characteristic of the apparatus I am going to intro- 
duce to you to-night is its great homeliness, its uncouth roughness, 
and its absurd simplicity. With common nails, with small pieces of 
wood, with halfpenny money boxes, with plain sealing-wax, with 
the ordinary apparatus which every child has at its command, he has 
been able to attack nature in her stronghold, to ask her questions, 
and receive back answers, and lay bare to us facts and thoughts which, 
though they have existed from time immem rial. are brought to light 
now for the first tims. 

Now let us, in the first place, a~k ourselves this question, What 

is sound? It is a very. difficult quesiion to answer, in the short time 
at my disposal ; but it is necessary I should first say something to 
you about the nature of sound, and then say something about tho 
nature of electricity, and show you how the one can be conveited 
into the other. 

Now, what is sound? While I am speaking to you I am setting 
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the air in this room into vibration. The air of this room is com- 
pored of an infinite number of infinitely small molecules; every 
molecule is set in motion and vibrates to and fro, backwards and for- 


wards, like the bob of a pendulum, and between my mouth and 


every one uf the ears in this hall there is a rapid but short excur- 
sion to and fro of every single molecule that composes the atmus- 
phere of this room, and it is the impinging of these molecules against 
the drum of the ear that produces that sensativa called sound. But 
more than thst, not only is the air of this room in this marvell.us 
state of motion, but every piece of wood, every wall, every picture 
—everything in this hall at this moment —is almost, I may say, 
alive; trembling away, moving backwards and forwards, forming 
what are called sonorous vibrations. If the sound be loud enough, 
and the note deep enough, we can distinctly feel these vibrations. 
Sound is therefore the vibration, in particular periods and particular 
phases, of matter. 

Now, what is electricity? Faraday, the greatest electrician per- 
hape that ever lived, was asked that question, and he said the more 
he studied electricity, the more he unravelled its mysteries, the more 
mystified he became as to its source and its origin ; therefore it seems 
an act of impudence on the part of myself or anybudy else to 
attempt to answer the question, What is electricity? But great 
strides have occurred since the days of Faraday; we know a great 
deal more now of the internal molecular action of bodies; we know 
that light and heat and suund are the mere action of those molecules 
of which matter is composed; and we feel sure from the facts 


brought to our notice by the delicate apparatus of the present day. 


that electricity is simply a mode of motion, nothing more nor. less 
thun the simple play of the molecules of matter. The truth of this 
will he made evident to-night hy the wonderful connection which 


exists between sound, which we know to be a mere mode of vibration, 


am! electricity, which will reproduce to us the effects of sound. 

To make this evident to us, we must have two instruments, the one 
a detector, which will render apparent to u« any electrical action that 
shall result in sound ; and it fortunstely happens that this marvellous 
telephone is an instrument of such extreme delicacy that it has made 
us acquainted with currents of electricity hitherto unknown, though 
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their presence has heen suspected. The telephone which Professor 
Hughes has used in his researches is as simple in its construction as 
are all his other apparatus. It consists of two rough pieces of 
board clamped together. There is half the end of an electro-magnet 
that prubably has been in his possession since his early experiments, 
to judge from its appearance. The magnet is a piece of steel rod 
that has been magnetized. The wire used, and which he has found 
extremely useful to him, is wire that was originally made fer very 
different purposes — for ladies’ bonnets—and in front of this is 
placed a piece of ferrotype iron, well known by those who have 
experimented with the telephone. 

But what is the source of sound? It was necessary in making 
these experiments that he should have a source of sound, something 
which would generate those sonorous vibrations of which I have 
spoken. This source of sound was a small mantelpiece clock of 
French manufacture, which cost originally three or four francs. It 
has been in use many years, and bas been iu many parts of the world. 
It is repaired with great lumps of sealing-wax, but nevertheless it 
has, or ought to have, a pendulum, which gives a succession of beats, 
and those beuts form a source of sound. Now, with this source of 
sound, und this beautiful scientific apparatus, the telephone, as a de- 
tector, he sturted upon one of Sir William Thomson's discoveries, 
viz., that wires alter their electrical condition when they are placed 
under strain. He took a piece of wire, applied weights to it, con- 
nected the clock with it, and heard nothing. He was not discon- 
certed ; he applied weight after weight till he reached the breaking 
strain of the wire, and at the moment when the wire breke, he heard 
a rush or sound which he thought was an indication of what he was 
searching for: so he.took the two ends of his wire and laid them to- 
gether, placed bis sources of sound above them, and to his intense 
delight heard— what imagination perhaps assisted him in believing to 
be a tick. He thought he was on the right. track, and he then 
manufactured, with a flat piece of brass for a lever, a pin for an axle, 
sealing-wax for cement, black wax for solder, and the uncovered 
bonnet wire for binding, a little apparatus which enabled him to ap- 
ply constant pressure to the thing he was experimeuting upon: in 
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fact, by this means he was enabled to produce what we electricians 
call a “ bad joint.” 

To his intense delight he found with this bad joint, and rough ap- 
plication of pressure by putting various things — pieces of metal, 
chain, etc. — underneath this little contrivance, he was able to ob- 
tain sonorous effects. But this contrivance, simple as it appears, was 
a grent deal too elaborate and complicated for his purpose; so he to: k 
two French nails — little bright nails, so much used in France — la d 
them side by side, not touching each other, and bringing the ends of 
the wire in contact with them, and laying hetween or across them a 
third and similar nail, he was able to reproduce almost perfectly the 
sound of the clock, and, more than that, he began to get indications 
of the sound or tone of the voice. He then used chains; he took a 
gold chain, and put it beneath his little compressor, and with that he 
was able to speak with great ease. From that he tried filings, and 
found with matter in a finely divided state he was able to reproduce 
all the effects of sound. At last he made little gla-s tubes, about 
two inches long, filling them with white bronze powder which artists 
use, which is a mixture of zinc and tin, and he was able to reproduce 
exactly the tones of the voice. But in his experiments with carbun 
he was able to make what may be called quite an independent and 
another discovery. The carbon he experimented with was the com- 
mon carbon used by artists in sketching their drawings, and this 
carbon he found to be a non-conductor of electricity. The idea struck 
him that this non-conductor of electricity might he made a conductor, 
and by various processes he at last arrived at a plan of builing or 
heating this curbun in quicksilver. Carbon so heated in an atmos- 
phere of quicksilver, itself becomes permeated through and through 
with quicksilver, and by that means we get the mercury subdivided 
into an almost infinitely pure state. Probably mercury in this state 
as closely approaches the molecular as anything can do; there is no 
apparent indicatiun of mercury under the micro-cope, and yet we 
know that the carbon has been mercurized, because it is converted 
from a complete insulator into a conductor, and it has a metallic ring 
when it falls. Now, then, having by these processes arrived at a 
substance which is remarkably sensitive to all the variations of the 
sound of the human vuice, his next tusk was tu cunstruct these things 


r 


" 7 . —, N 2 8 22 — 
1 9 n 5 2 ²˙ R . . - * 
2 ö K g 


164 EVIDENCE FOR COMPLAINANTS IN REPLY. 


into such a form as to make them telephonic transmitters. For that 
purpose he brought to his aid a very cheap kind of apparatus, a half- 
penny money box. Inside this he placed his carbon transmitter ; and 
as this discovery is not fenced in by fear of the patent or any other 
law, I am quite sure you will be giad to know how to make a Hughes 
transmitter. First, he takes a piece of ene quarter-inch board about 
two inches long and one inch broad, and he raises upon that two thin 
brass bearings, with a hole worked through by means of a pin for 
the support of his axis. He then takes a piece of carbon about two 
inches long, which has been mercurized, which has a pin cemented 
to it near its centre, which acts as an axis, and makes it into a lever. 
On the board he places another smaller piece of carbon similarly 
treate:!, and upon this rests another similar-sized piece of carbon, 
the two being connected by a piece of paper. (See Figure in which 
M represents the transmitter, B the battery, and T the telephone). 


i. 
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Now the battery is another remarkable specimen of scientific 
manufacture. Taree little glass tumblers are taken; at the bottom 
of each a piece of copper wire is coiled spirally. The copper wire 
is covered with a little sulphate of copper. The tumbler is then 
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filled with muistened clay, and upon the top of this clay is placed a 
piece of scrap zinc. The three cells are placed in a cigar box. The 
(ity tube transmitter consists of a glass tube about two inches long and 
118) one-fourth inch diameter, inside which several pieces of mercurized 
| carbon are inserted, touching each other with a pressure regulated by 2 
a screw fixed to each end. The size of the carbon appears to be of <a 
E little consequence. He has produced effects with carbon not larger 4 
than the head of a pin. We shall show this by and by; but rather 
14 than disturb the order of these researches, I think it advisable in the 
at next place to show you how this principle has been carried a little 
farther, to produce what he calls the micruphone. This apparatus 
is extremely sensitive. It will give evidence of nearly any sound ; 
| but in the microphone itself, which I have here, this extreme sensi- 
j tiveness is carried to a still further extent. In point of fact this isa 
| microphone; but in this particular inetance, the pressure bearing 
| 
i 
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between the two carbons is regulated by a spring, and it is so regu- 


N lated that the transmitter is independent of any position in which it : 
. may be held. It is free to be moved in any direction, in conse- 
„ quence of the pressure of the spring ; but in one form of instrument 


this spring is dispensed with, and the pressure between the carbons 
rs! is reduced to its greatest sensitiveness by making the two arms of 
this lever as short as possible; but in the first machine he used, a 
' piece of carbon was fixed un the top of an upright board of that kind, 
and a smaller piece was fixed down below. A cup-shaped ball was 
made at one end, and a similar one at the bottom, resting upon a 
piece of luzenge-shaped carbon; and this lozenge-shaped piece of 
carbon rests with the greatest nicety upon its lower disc, and is just 
in that position of equilibrium that the slightest atmospheric dis- 
turbance produces the effects which we are now about to show you. “Ss 
| I think it desirable to tell you that you must not expect to-night a 
| distinct articulations. We have made a violent effort to make 4 
these experiments evident to you all. ! 
Now, the effects you have just heard have been produced by a 
: microphone similar to that drawn on the board. We will now 
| repeat the effects with the machine on the table, and in order that 
4 you may judge of the effect—for Professor Hughes desires yuu 
should see there is no deception—we will connect this up, and use 
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his old friend, the clock, to make its ticks, if it will, evident over 
the whole room. One of the greatest effects which this instrument 
produces, is to render evident the tramp of a fly, and we have some 
nice little captives with which we will demonstrate that effect at the 
close of the meeting. (Jilustration with clock.) 

To show that the sounds come from the clock itself, Professor 
Hughes will lift up the clock, when all traces of sound will have 
disappeared, and on putting it down again, the sounds will be pro- 
duced ; so that the sound you hear is the sound of that clock, which 
has been magnified. 

Now, we have here a common quill pen, and Professor Hughes 
will do as they do on the stage, pretend to write a letter, and I have 
no doubt if you listen attentively, you will hear the are of his 
pen. (Jilustrated.) 

Now, there are some peculiarities in this apparatus that are very 
striking. In the firat place, though the sounds produced are very 
great, they do not interfere with each other. If you have a friend 
at the other end speaking to you, you can hear his voice distinctly 
working through your voice, and the result is, you get a duplex 
action. Two or three persons can talk to each other without impedi- 
ment or confusion. 

Yet another point is, that the articulation is absolutely perfect. 
One of the great difficulties, both in the telephone and the phono- 
graph, is getting the noises and sibilant sounds reproduced, such 
ass and c and sh, which are produced by such extremely minute 
variations in the sonorous vibrations that they are lost in those 
instruments. Thus, if through the telephone you ask a person 
to waltz, it will come out “walk,” and names like my own, with 
the sound of s in it, though it is spelt with a c, would come out 
“ Pree,” not Preece. In this transmitter, one of its chief peculiari- 
ties is the fact that all sounds are faithfully reproduced, and it tends 
very much to upset the notion — Helmholtz’s theory — that vowel 
sounds, and uther sounds, are due to the superpositiun of waves 
upon waves of tones and overtones. This apparatus shows, almost 
unquestionably, that all these different properties, all theze effects 
of intonation, are due to differences in the form of the wav. sent. 
Another peculiarity is this. I have told you that all in this room, 
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every one’s body while I am speaking, is alive with sound. If you 
take this transmitter aud place it in front of your mouth, or put it 
on your ſurebend, or on the top uf your head, or put it in your 
pocket, or upon your breast, it will still transmit sounds to distant 
places. Put it in a room, it does not matter where, it will repro- 
duce the sounds. Put it anywhere in a drawing-room where there 
is a piano, you will hear the sounds of the piano faithfully reproduced. 
It is, as you see, a marvellously rough affair; you may throw it up, 
kick it about, and do what you like with it; it will always act. Here 
is the ideutical box that Professor Hughes made two or three months 
ago; it has never been touched; it has been always at work, and 
never needs repair. . 
These are sume of the peculiarities of this instrument, and I 

dare say some of you would like to know a little about its theory. 
We have here two points in contact, and those two points in contact 
complete an electrical circuit. The electric current that flows through 
that circuit depends for its strength entirely upon the obstacles or 
resistancés, in that circuit, to the flow of the current. Any altera- 
tion in any shape or form iu the resistance of that circuit will result 
in the increase or decrease of the strength of the current flowing; 
and upon this board I will make a rough attempt to endeavor to give 
you an idea of what occurs. You must not conceive that these 
ruund balls are molecules themselves; they are merely meant to rep- 
resent the «phere of action of each molecule at ea-h point of contact. 
In a normal state the molecules rest against each other as shown by 
the upper line. When, from any cause, pressure is increased, they 
are contracted, as shown in the second line; when, from any cause, 
the pressure is decreased, they expand in the form shown on the 
other line. While I speak at you, the air of this room is thrown 
into vibration, the mass of air being subdivided into molecules in 
compression and molecules in extension. In a lung wire, these gu- 
cessions of compressions and extensions compensate each other; 
but when we break up a body into infinitely small parts, when we 
make contact between two bodies as shown there, we isolate the 
portion of the sunorous wave in compression from that in extension, 
the result is that we have u variation iu the resistance of the liuc. | 
Now this variation in resistance depends upon the compression and 
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dilatation of the molecules. It depends upon the tune of the voice, 
and the result is the resistance of the current varies with its varia- 
tion of pressure, and at the distant end we have currents varying ex- 
actly as the voice varies, and reproducing on the telephone all the 
effects which we have seen. Hence follows the action of the micro- 
phone, which depends upon the variation produced in the contact of 
bodies by the sonorous vibrations of the voice. As I am now speak- 
ing at that microphone, all the molecules of that transmitter are 
thrown into this elaborate series of compressions and dilatations. 
The current is varied; the current goes to the room below, and is 
reproduced upon the telephone, as we have heard. Hence the effect 
is due to the difference of pressure at the points of contact, as is 
proved by using atmospheric pressure, applying heat, making noises, 
and any large variatiun of pressure results in sound being repru- 
duced. 

No one has ever been nearer a great discovery than Mr. Edison. 
His telephone is based on the variation of resi~tance in carbon due 
to pressure. He used carbon and finally divided matter, but he 
worked on the idea that the difference in pressure was produced by 
the vibration of a diaphragm. Had he thrown away his diaphragm, 
he would have forestalled Professor Hughes in this respect, and found 
that the sonorous vibrations themselves produced this difference of 
pressure.“ The great secret of Professor Hughes’s discovery is that 
sonorous vibrations and electrical waves are to a certain extent 
synonymous. 

Now, as to the uses to which this instrument is capable of being 
applied. It has been applied to surgical purposes in the form of a stetho- 
scope. Though it does not show very markedly the beats of the heart, 
because they are more mechanical thumps than sonurous vibrations, 
yet it will show the injection and ejection of air in the lungs, and fur 
many other surgical purposes it must become a valuable instrument. 
It admits us to some of the mysteries of insect life, and by its means 
we can hear sounds emitted by insects which have never been heard 
before. Going further, it has enabled the deaf to hear; deaf persons 
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It appears that Mr. Edison actually did this, but he was anticipated by Pro- 
fessor Hughes. 
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who never heard a telephone before have been able to hear distinctly. 
It has enabled us to hear the physical operation which goes on in 


. 


{ the process of crystallization of bodies, and other things which before 

U were wholly inaudible, and in fact it is impossible to say to what 
vy uses it may not be put. 

J It is rather remarkable that in an excellent paper read before 


the American Electrical Society, the author, Mr. Pope, makes these 
curious remarks : , 
“ The most striking results are to be looked for in the direction first 
| pointed out by Mr. Gray, for the reason that if an effectual method 
of controlling the resistance of the circuit hy means of atmoz=pheric 
vibrations can be discovered, the source of power, which in thi« case 
: is the hattery, may be augmented to any required extent. It is obt 
oa to be denied that the problem thus presented is one of exceeding 
| mechanical difficulty, but there is no reason to suppose that it may 
not be successfully solved. It is to the development of this variety of 
speaking telephone, rather than to that of the magneto-iostrument * 
that inventers will find it most advautagvous to turn their attention; a 
for I hazard little in saying that the latter has already reached such 2 
a surprising degree of efficiency, as to leave comparatively little 
| more to be done within the necessary limitations which have been 3 
| pointed out.” gy 
‘ Mr. Pope throws out as a suggestion what has now been done, “a 
with the exception of the supposed mechanical difficulty, and that 
has been got over by a halfpenny money-hox. 

Now, one very pleasing and gratifying circumstance attuches to 
this discovery of Professor Hughes. He has thrown it open to the 
world, and hy that means he has no doubt checked that species of 
| immorality (I don’t know what else to call it) connected with the in- 
fringement of the patent law as regards the telephone. He allows us 
all to manufacture microphones for ourselves; but even he has heen 
| subject to rather a peculiar incident. One impulsive and active gvn- 
| tleman, who was present at the Royal Society the other night when 
Professor Hughes first described his invention, went home and made 
himself a microphone, wrote a description uf it, and sent it off post 
haste to Paris. A short time afterwards, Professor Hughes himeelf 
f with great care prepared a paper to be read befure the French 
: Academy, but to his great surprise he found that he had been fore- 
stalled ; a description of his instrument had already appeared in the 


) Paris prints from the gentleman in question. 
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There are lessons to be learnt from this discovery ; and the princi- 
pal lesson is, we can all of us, with the means at our disposal, 
c:oss-question nature and find out her sccrets, and there are many 
secrets which yet remain to be divulged. We learn the wonderful 
connection which exists between all the physical forces; heat and 
light, and electricity and magnetism, are all co-related ; and it has 
come to this that what boys have said in joke, has come to pass in 
earnest. We have been able to convert electricity into light, and 
light iuto electricity. We are now able to convert electricity into 
sound, and sound into electricity, and thus we are enabled to see the 
thunder and to hear the lightning. 

Tue Presipent: We have listened to a very intereeting and 
instructive address, and 1 hope it will be followed by an equally in- 
teresting discussion. I see many here who are fully able tu take 
part in it, and, with your permission, I will call upon his Grace the 
Duke of Argyll to open the discussion. 

Tne Dvuxe or ArGYLL, K. G., rose and said: Mr. President and 
gentlemen, — Though I am a stranger here, I am very glad of the 
opportunity which the kind invitation of your President gives me 10 
suy a few words as to the extreme interest with which I am sure 
we have all heard the admirable lecture just delivered by Mr. 
Preece, one which, for interest of matter and for clearness of expo- 
sition, I have never heard excelled in the course of my experience 
of scientific lectures. It is quite obvious that we are here in the 
presence of any of the most remarkable discoveries of an age which 
is full of discoveries, discoveries which are sure to be utilized in a 
thousand ways which at pre-ent we cannot foresee. -Mr. Preece has 
suid at the beginning of this lecture that he rejuices, on this occasion 
at least, that the progress of this discovery has taken place on 
English soil. Ou further inquiry, however, I am not sorry to find 


that the distinguished man whose discovery has just been explained, 


ie, although a resident in this country, a citizen of America, 
because, though I have as strong a patriotic feeling as any gentle- 
man present in this assembly, I am one of those who, iu matters 
of seience, are thoroughly ¢ »smupolitan in the triumphs of human 
intellect by whatever nation they may be made, and further. I am 
one of those who feel that the citizens of America ure, after all, our 
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fellow countrymen. Now, with regard to the uses to which this dis- 
covery may be put, there are many which immediately suggest 
themeelves to one’s imagination. 

I am sorry to hear from Mr. Preece, that the immediate applice- 
tion of it, in so far as it has yet been tried, to the sounds of the 
human heart, does not throw much additional light on that most 
curious matter, the circulation of the blood, because probably the 
sounds are of a very mufiled nature, and do not give rise te sonorous. 
waves such as those which have been explained to us; but I cannot 
doubt for a moment that one of the most immediate applications of 
this very valuable discovery will be a surgical application, and that 
through it our medical men will be able to pronounce upon a series 
of diseases with which we are at present wholly unacquainted. Now, 
being myself accustomed to think a good deal about political affuirs, 
I confess I was struck with some of the inconveniences which might 
occur through the agency of this discovery. We are now very clove, 
you know, to Downing Street, and it occurred to me if you placed 
one of the- e little halfpenny boxes in the room where the Cabinet 
sits, we should have the whole of the secrets of the Cabinet revealed 
in this hall of the Civil Engineers (laughter) ; or if by any extra- 
ordinary ingenuity, such as many conjurers can command, one of 
these little boxee could be inserted in the pocket of my distinguished 
friend Count Schouvaloff or Lord Salisbury, I have no doubt we 
should be at this moment in possession of all those secrets which the 
whole of this country and of Europe are desirous to know. I should 
like to know from Professor Hughes that there is some means of 
preventing this. I remember a lady friend who was very fond of 
attending sermons, and she was laid up by a complaint which pre- 
vented her going to church; but she contrived to take a lodging 
almost under the roof of the church where a celebrated minister 
preached, and she had a speaking trumpet fixed near the pulpit, and 
by that means she was able to enjoy the sermons she so much desired 
to hear. But with this instrument of Profeesor Hughes we shall be 
able to poach on every one’s manor, and know every one’s secrets; 
and I should much like to know from Professor Hughes whether, 
since one of these little boxes set anywhere in » roum is capable of 
transmitting to a distance all the conversation which takes place in 
that room, he is able to provide an antidote for it. 
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De. Lron Prarram, M. P.: I can only sympathize with the 


remarks which my noble friend the Duke of Argyll has just made to 
us. In fact, one sees no end to the application of this discovery. I 
have no doubt before long Professor Hughes will connect his instru- 
ment with the aerophone which magnifies sound so that one can hear 
it over fuur or five square miles. Only conceive what might happen 
in a debate in which such orators as the noble duke who ha; just sat 
down or Mr, Gladstone made ‘one of their magnificent specches ; 
supposing one of these instruments were connected with the aero- 
phone, and instead of those speeches being confined to the area of 
St. Stephen’s, they were sent over four square miles of London, and 
allowed millions of the public to enjoy the beneficial effects of that 
eloquence! It is not only possible but pruhable. Only conceive to 
what large influences such a discovery as this may lead. Or sup- 
Posing yuu connect this instrument with the opera house, where one 
of our great coutraltos or sopranus are singing, it would be possible 
by means of the aerophone to communicate it to a whole town. The 
develupment of this instrument, in connection with others already in 
existence, may be productive of prodigious effects. I think in the 
hands of the physician it will prove to be a discovery uf the greatest 


importance and value. It occurred to me that though the muffled 


sounds of the heart might not be adapted for repetition, it might be 
possible in acute diseases, such as inflammation, or other acute 
diseases which proceed from tuo energetic action in particular parts 
of the body, it occurred to me that these might be detected by this 
agency. In the beginning of a discovery of this kin it is impossible 
for the most lively imagination to see the results tliat may flow from 
it; and in the hands of Professor Hughes, or in the hands of others, 
it is impussible to place a limit to the development which may result 


from the description we have heard to-night. I consider it one f 


the most remarkable discoveries of modern times, and I cungratu- 
late Professor Hughes upon it. He is a citizen of a country to 
which I am dearly attached by many acts of kindness shown to me; 
at the same time he hus been so long connected with this country, 
that we may fairly claim this as the joiut discovery of two great 
nations. 

Mn. Wurobonar Smite: Marvellous discoveries have been 
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brought before us lately in such quick succession, that I am pleased 
we have at length an opportunity to pause and reflect on what we 
have already seen and heard. I cannot agree with Mr. Preece in 
his molecular and sound-wave theory of the microphone. I be- 
lieve the phenomena to be solely due to what is known as a vary- 
ing contact, and that the microphone is nothing more than a sensitive 
commutator. Mr. Preece has told us that by the aid of the 
microphone the tramp of a fly can be heard, resembling that of a 
horse walking over a wooden bridge; but I can tell you something 
which, to my mind, is still more wonderful, that by the aid of the 
telephone I have heard a ray of light fall on a har of metal. This 
may appear a startling statement, but with the whole facts befure 
you, it will become extremely simple. I have, on a previous occasion, 
shown that the electrical resistance of selenium is very much reduced, 
immediately it is exposed either to solar or artificial light; conse- 
quently if a bar of sclenium, excluded from the light, form part of a 
circuit in which are included a battery, a telephone, an electrical 
bell, and a galvanometer, nothing will be heard until the light be 
allowed to fall upon the selenium, which is dune simply by raising 
the lid of the box in which the selenium is placed, when immeiliately 
sound is heard in the telephone, the bell rings, and the needle of the 
galvanometer moves, simply because the resistance of the circuit is 
reduced, and consequently the electro-motive force increased. Now, 
when I read that Professor Hughes kad discovered that bodies were 
susceptible to sound as selenium to light, I removed the selenium 
from the circuit, and substituted every substance I could think of in 
its place, and used every conceivable means to produce sound, but 


without effect. But if, in a metallic circuit, he placed either a loose 


contact, or a sensitive commutator, then one can produce all the 
phenomena claimed for the microphone. I have obtained very satis- 


factory results frum three very fine “rat-tail” files placed in the 


circuit, similar to the letter H, one end of each of the side files 
being fixed, and the other file simply lying across them; the longer 
the side files, and the nearer the cross one is placed to the unsup- 
ported ends of the other two, the better; if the cross file be replaced 
by lovee threads of metallized silk, and a spirit lamp be placed be- 
neath the same, so as to create a draught, then is heard in the 


EXHIBIT PREECE LECTURE, ETC., MAY . . 173 


2 Gite mid 4 ae: 


A Eh ORE re, e Hee 
4 


na 


is 1 
5 


— 1 „ pve. . 
40 i: W ale or 
0 „ 
* * 


N 


G 9 160 


12% 


eee 


Nu 


ae 
" le . 


+ emanate Db tia bP 


1 id 5 
r ANAT SIRO LL POLE SA AOI A 


* * } 
4 
* 5 
« 1 5 hoe * 0 4 4 a oe 
7 . * a 7 7 4 a m y 
* ' „ 4 srr 5 7 ‘ yg * 2 
* 5 * * — U . fe 1 * 1 a 
+. e 1 1 3 * * * 
1 
3 a * , „ 
* * 
+ 
‘ we: 
eu4 
* * 
. 
eats - 
a 2 Ae ren 3373 he 4 
2 7 a) W ‘ va . N " . ’ , . N W * a 4 8 2 7 $s — * N 
Pre Sub a Pe. Ve ES er ee X A alate ahs ale a hae Pie et ee 
j * rf , f „ „ 10 : ’ ‘FO 
n ‘ 7 * , Fi hf +” 2 91 1 12 * 1 ——— 5 4 * . 4 * ** t 
a sn * di eas ie WB gs 4 Kv ge ee Og od 7 per Se fi 2 * „ ee he * 2 7 : " , 
4 * y P nal ee g 7 2 . 7 . 4 Prag 1 * 0 * we ae. * 11 40 
b hoe eee ‘ ; 2 0 3 4 * y 
, : 4 r 8 ö 4 1 „ ** . 
es “i “ys nity . 9 f g * 
7 0 4 1 4 f * * 
* ¥ 1 0 7 4 2 * : 7 * 
* F 4 , : 4 « * 
’ ; . 0 ö . 5 Ne 
~ 4 . ‘ 
° j F 
* * * 
¥ ¥ 
- * 
* 4 
a 
* 
}, 
* 4 
4 


a 
re we 


CT er ee Me ee ee 
* 


„ 1 ty a fs “ae 


174 


* 
7 1 teh me & 
ms * > i” 8 
5 ‘ 4 we 
; * 
7 os & 


* 
4 N 
mre, 
ta 


2 
. = * 5 n N * 
* — N % a > ot» * . 8 * 3 . 9 0 og? 
a € abe * 4. r > &! Pe oot ta = am * * * . "s* ie * . —. 
* in 7 2 * 1 7 N * b 3 
Err f RS Neen ren On Te 
* — * * 2 . * 5 * * — 3 * 4 8 * — 142 * 


244 


EVIDENCE FOR COMPLAINANTS IN REPLY. 


elephone a noise similar to the sound of the burning wick of the 
lamp, especially when first lighted. What Professor Hughes has 
discovered is, that hy allowing the breath or other motive power to 
effect a sensitive loose contact or commutator, contacts of varying 
duration are made, which are reproduced in corresponding sounds 
on that marvellous instrument, the telephone. This is an important 
discovery, and Professor Hughes has my hearty congratulations. 

Mn. Latimer Cxiark: I did not intend to make any observa- 
tions, and I feel almost out of place, after the eloquent addresses we 
have heard, in going back to the ordinary technical view of the sub- 
ject; but I would just remark that Mr. Preece has, I think, omitted 
to mention one of the experiments of Professor Hazhes. The little 
glass cylinder you see here (exhibiting), with small segments of 
willow-wood carbon dipped in mercury, is extremely sensible to 
heat, so much so that the approach of the hand or other warm hody 
causes very great variation in the resistance of the cir-uit, and also 
causes a noise in the telephone. So does a slight alteration of the 
pressure on the end. If you press on the end of the tube, you cause 
a noise in the telephone, and produce great deflection of the needle 
of the galvanemeter. You might make a sensitive relay by causing 
a needle or an electro-magnet to slightly compress the segments in 
this tube, which would doubtless be more sensitive to delicate cur- 
rents than any relay we have at present. I therefore throw out the 
suggestion, in order to make it public. I also think a very excellent 
Morse sounder may be made from the microphune, hy catising a con- 
tinual sound to be produced in the telephone, and it is obvious that 
one source of movement would cause any number of instruments in 
an office to produce continuous sounds, the signals would be received 
on a relay, and would come out, not as dots, but as dots and pro- 
longed dashes, which could be more accurately and easily read than 
the ordinary sound signals. 

Lorp Linpsar, M. P., F. R. S.: I will only mention one ex- 
periment which struck me as heing interesting. I constructed one 
of Professor Hughes’s little instruments from a description which I 
read of it, and having stretched a piece of parchment over a circular 
frame so as to form a vibrating membrane, I attached to its centre a 
piece of carbon, whieh was connected in circuit with a battery by 
means of a fine copper wire. Against this piece of carbon I placed 
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a second similar piece, so arranged that I could increase or diminish 
its pressure upon the first piece by means of an adjusting screw, and 
to this piece was also attached a copper wire, by which it could be 
placed in circuit with a battery and telephone, and with the other 
piece of carbon. Under the influence of sonorous vibrations the 
membrane vibrated, and in doing so produced a variation in the 
pressure, and consequently in the electrical contact between the pieces 
of carbon, reproducing the original sounds in the distant telephone. 
On one occasion I placed the apparatus on the sounding-board of 2 
pianoforte upon which my little girl was practi- ing (she was playing 
scales), and [ noticed a very remarkable effect. Whenever one par- 
ticular note was struck, a barsh, loud sound was heard in the distant 
telephone, although all other notes were clearly transmitted and 
reproduced. On examination, I found that the note which produced 
this curious effect was that whose period of vibration corresponded 
with that of the membrane, and in the sound produced cuuld be 
heard the fundlamental note and overtones, as well as the octaves and 
other sympathetic note - sounded by the strings of the pianoforte. 
Pror. Gnauan BELL: Nu ove can more heartily congratulate 


’ Professor Hughes upon his great discovery than I do. I think all 


those who investigate te‘ephonic effects will realize that we have 
touched upon the threshold of a new science, and that we 
have discoveries yet in store for us. I must confezs that the expla- 
nation of the action of the microphone afforded by Mr. Preece and 
Mr. Willoughby Smith are to my mind not perfectly satisfactory. 
There are certain points in the telephone itself that may lead us to 
the true solution of this problem. If you fix your attention upon 
the fir-t diagram shown hy Mr. Preece, you have a constant source — 
of electricity (the battery), a telephone, and this curious instru- 
ment. Now, the laws of audibility of the electric current by the tel- 

ephune are analogous to the laws of induction. No sound is audible — 
sv long as your current is of uniform intensity. But the moment 
you change its intensity, you have a sound from the telephone. Con- 
versely, when you have a sound from a telephone, the intensity of the 
current passing through it has heen changed; and the loudness of the 
sound is an index of the amount of change. Now, unless the micro- 
phone were itself a source of electricity, it is evident that the only way 
in which it can change the current is by varying the resistance of the. 
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circuit. So far, we may be perfectly certain that the action of this 
instrument depends upon the variation of the resistance ; and the only 
question is as to how this variation of resistance can be accomplished, 


by the influence of such feeble sounds as those produced by 


the escapement of a watch, or the fvotsteps of a fly. As 
the sounds produced from the telephone are quite loud, the cur- 
rent must change very greatly in intensity, and the resistance of 
the microphone must vary ina most extraordinary manner, pr.bably 
being at its maximum many times the resistance of the rest of the 
circuit, and at its minimum but a fraction of it. Mr. Preece seems 
to consider that the mulecules of the substance composing the micro- 
phone change their shapes when subjected to compression by a 


variable force; and he has figured to us his conception of the alter- 


nate contraction and expansion of a chain of molecules under the 
influence of sound. Mr. Willoughby Smith, on the other band, 
attributes the effects produced by the microphone to imperfect con- 
tact. He supposes the carbon points to rattle against one another 
under the influence of a sound, and he seems thus to regard the 
microphone as a delicate form of interrupter. I am more inclined to 
accept Mr. Willougzhby Smith’s explana ion than that given us by 
Mr. Preece, but the reproduction of articulate «speech negatives the 
assumption that the microphone acts u- an i.terrupter. The pussi- 
bility of producing electrically any given quality of sound depends 
upon the possibility of producing « current of electricity, the inten- 
sity of which varies in a manner proportional to the varying veloc- 
ity of a particle of air during the production of that sound. 
Hence, however much the points in contact may rattle together, the 
circuit must not be broken or the effect of quality will be lost and a 
mere noise be produced instead. If I might offer a suggestion, I think 
it probable that there is a variation in the amount of contact. Let us 
suppose an enormous number of particles to be in contact (each singly 
offering a high resistance to the passage of a current, but conjointly 
offering very slight resistance), then when the microphone rattles un 
der the influences of asound, a larger or smaller number of particles 
come into contact, and the resistance of the microphone changes with- 
out absolute break of circuit. Still, we must not forget that at each 
increase of resistance, heat must be produced at the points of contact, 
and it is probable, nay, extremely likely, that heat has a great deal to 
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do with the results obtained. I was experimenting with a microphone 
the other day, and it kept on vibrating on its own account fur nearly 

two minutes. A clear musical tone was emitted by the telephone in 

circuit with it. The microphone always exhibits a tendency towards 

vibration on its own account, when it is adjusted most delicately. 
| The instrument, as I constructed it, consisted of a rod of charcoal 
placed horizoutally, with its ends resting upon two other rods of char- 
coal. This arrangement, when shown to Professor Dewar, at onco 
suggested to his mind Trevelyan’s bars. 
unlikely that the microphone is in reality a species of Trevelyan’a 
rocker, and that it may thus be in a cundition to bo affected by 
feeble sounds. It is quite conceivable that sounds too weak by 
themselves to throw the ma of the micruphone into sensible vibra- 
tion, may yet be sufficiently strong to start and control the vibrations 
due to heat, or at least it is conceivable that heat may assist the 
action of the sound. For instance, suppose the charcoals rattling 
together under the influence of a sound. 

Now, as the charcuals separate, the resistance of the microphone 
increase, the points of contact become heated, and the expansion 
: duo to this cause occasions a greater separation than would other- 
wise take place. Thus heat may co-operate with a feeble sound to 
produce a greater amplitude of vibration at the points of contact 
) than would be produced hy the sound alone. Those who are inter- 
ested in this subject would do well to read Professor Page’s paper 
upon The Vibration of Trevelyan’s Bara by the Galvanic Current. 
The microphone recalls vividly to my mind some of the illustrations 
in this paper. Whatever may be the true explanation of the effects 
produced by the microphone, there is evidently a vast field open be- 
fore us for inquiry. I will not take up your time with any further 
remarks, but will merely again offer my congratulations to Pr. frosor 
Hughes upon his discovery. 


is not well understovd. I can excuse that, because it is as much as 
I can do to understand it myself; but as far as my experiments 
have gone, they show that the effects produced are the result of the 
increase and diminution of the re<istance. Mr. Willoughhy Smith 
designated it a commutator, and attributes the effects to contact. 


I think it not at all 


Pror. Hccnes: It seems that the description of the microphone 
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That is quite right, only it is not from the point from which I 
view it, and that is the way in which the effects differ. 

If we take a board like this (dustrating), and give it a blow 
here, that nail will jump up from the transmission of force. The 
same thing takes place in acoustic properties. A blow is eimply 
sapid pressure, as di-tinguished from hydraulic pressure ; the differ- 
ence between a blow and hydraulic pressure is one of rapidity. If 
yuu take a piece of glass and put sand on it, and strike the glass, 
the cand will junp away and form figures. So it is here. (Pro- 
fessor Hughes illustrated his views by means of diagrams on the 
board, showing the curves of articulated suunds, both in speaking 
and singing, etc.) 

Tue Presipenr. — As time is advancing, and as Mr. Preece, I 
believe, has some further experiments to exhibit at the close of the 
meeting, I will make a few observations only on the very interesting 
matter which bas been brought before us. The discussion that has 
taken place is remarkable for the excellent temper which has been 
shown between two great rival di=coverers. I think all of us must 
have been pleased to have sven how these two gentlemen, Profeesur 
Bell and Professur Hughes, have deseribed and brought before us 
th · ir particular views regarding certain actions in the two instre- 


ments, the telephone and the microphone, which, when we come to 


cumpare them, will be found to have many points of analogy, and 
though es-entially different in detail tend towards the accumplish- 
ment uf tue same important end. Mr. Preece and Profescor Bell 
differ with regard to the action which takes place in the migrophoue, 
aus Professor Hughes favors naturally the views which Mr. Preece 
had expressed; but I think there is probably not so much difference 
between these two views. It is quite evident that the action of the 
misruphone is due to variatiun in electrical re-istance produced by 
vibrations in an imperfect conductor, such as carbun, or an aggre- 
gate of divided pieces uf metal, and the question for cunsideration is 
how this variation in resistance is effected. When two picees of 
carbon are preasing one upon the other, and vibration ie imparted 
te one of them, it is easily conceived that in consequence of this 
vibration the pressure hetween the adjoining pvints of the carhon 
will be modified, and in consequence of such variation in pressure, 


the electric conductivity .of the carbun is also influeuced, whilst 
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according to Professor Hueghes’s explanation, the cause of varia- 
tions in the electrical resistance mu-t be louked for in the lateral 
increase of points of contact. 

We have another discoverer who has already thrown light upon 
this subject, viz., Mr. Edison of New York, the well-known dis- 
coverer of the phonograph, who, in constructing a form of telephone 
of his own, introduced carbon contact, which gave him resistances 
variable with the amount of physical pressure he hrought to hear upon 
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the carbon ; and I must say that this question of varied reastance 


due to vibration will probably resolve itself simply into a question of 
preseure between particles of matter which are conducting in them- 
selves, hut which are held so lightly in contact that pressure is needed 
in order to establish conductive continuity. 

I shoald have liked that comething more had been said of this dis- 
covery of the microphone, with reference to its two elder sisters, the 
telephone and the phonograph, being of opinion that the three are 
only separate steps in the achievement of an advance in physical 
science which bids fair to he considered hereafter as one of great 
moment, net only as regards telegraphy but as a means also of af- 
fording a more perfect insight into the nature of molecular action. 
We have heard from Mr. Willoughby Smith that in substituting erys- 
talline selenium for carbon in the microphone, a ray of light pro- 
duces an effect analogous to mechanical vibration, and announces it- 
self in a report comp:rable to a clap of thunder; and I can quite 
fullow him ia his arguments with respect to the matter. 

His Grace the Duke of Argyll alluded to the application of this 
discovery to physiological research, and I could have wished that some 
of our learned physicians had taken up this point in the discussion, 
hecause I helieve myself that the influence of these dizcoveries upon 
physiological research will be very great indeed. One thing has 
occurred to me in considering these matters, which I will take the 
liberty of mentioning. We have the remarkable effect of the phonv- 
graph producing a record of sounds simply from the indents given to 
a slip of tin-foil, which record can be reproduced at any time. This 
strikes me as being an exceedingly analogous ca-e to the imp:ess 
produced upon the brain by what we hear and see. An impress is 
produced, which for the moment seems lo-t, bat which, in a vigu- 
rous mind, can be reproduced at any time. Now, the faculty of 
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chanical record being left on the brain, and stored up for perhaps 
half a century, to be restored in the succession in which it has been 
laid down ; otherwise, how could the human mind reproduce impres- 
sions imparted years ago at will, or how could they be involuntarily 
revealed in our dreams? The discoveries which are now brought 
before us will undoubtedly serve to increase our stock of knowledge 
on physiological and metaphysical as well as physical subjects, re- 
garding molecular action, of which we have hitherto had but very 
imperfect indications ; and I think we cannot be toc thankful to those 
gentlemen who have enabled us to discuss them as we have done, 
and I will therefore move that a hearty vote of thanks be given to 
Mr. William Preece for his communication. I think our thanks are 
also due to the two discoverers who are here to-night, and have 
given us the benefit of their views. I therefore propose that we also 
return our thanks to Profe-ecr Hughes and Professor Grabam Bell. 

The votes of thanks were unanimously accorded. 

Mn. W. H. Preece: My remarks will be very few. As I said 
when I spoke on the theory of the thing, 1 had not time to enter 
into it. In point of fact, there is no real difference between the 
views of Mr. Willoughby Smith, Professor Graham Bell, and my 
own. The only difference is difference of language. Most differ- 
encrs in scientific controversies are attributable to difference of lan- 
guage. Whether variation of current is due to difference of contact 
or difference of pressure, matters very little, provided we use cun- 
tact and pressure to imply the same thing. That which I call pres- 
sure, others call contact; and that which Mr. Willoughby Smith 
calls contact, I call pressure. It has afforded great pleasure to me 
to bring this matter before you. I have had, during the last twelve 
months, the pleasure of introducing before you the telephone, the 
phonograph, and now the microphone; and I hope next year, when 
we meet again, it will still be my pleasure to bring forward other 
new inventions and discoveries. I was anxious that Professor 
Hughes should have brought this subject befure you himself; bat, if I 
had nut undertaken to do +0, you would not have had it. Beyond 
assisting Prufs-or Bell, Mr. Edison, and Professor Hughes in any 
way I could, I can claim no merit of my own, either in respect to 
_ the telephone, the phonograph, or the microphone. 
The meeting then adjourned to the 13th of November. 
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EXHIBIT THOMSON & HOUSTON MICROPHONE RELAY. 


From the Telegraphic Journal and Electrical Review, for August 15, 1878, 
Vol. VI., pp. 343-315. 


THE MICROPHONE RELAY. 


BY PROFS. EDWIX J. HOUSTON AND ELIHU THOMSON, OF THE PHILADELPHIA 
CENTRAL HIGH SCHOOL. 


Immediately after the s»nnouncement by Prof. Bell of his remark- 
able invention of the articulating telephone, we proposed for our- 
. selves the task of relaying this instrument. Quite a number of 
different arrangements were tried, but, owing to the exceedingly 
feeble movements of the diaphragm of the receiving telephone, none 
of them were very successful. The discovery hy Prof. Hughes, 
however, of the inexpressibly delicate microphone, happily. afforded 
us the means of at last solving the problem at which we bad been su 
long engag. d. 

In our application of the microphone for the relaying of the tele- 
phone, we attach a miniature micrephone to the plate of the receiv- 
ing telephone. The microphone su attached cuonxists essential‘y of 
three small pieces of carbon, each being «bout three eighths of an inch 
in length. These pieces are arranged exactly as in the manner 
described by Prof. Hughes, viz., one of the pieces of carbon, which 
is sharpened at both ends, rests vertically in small cavities near the 
ends of the two other pieces, us shown in Fig. 1. The two carbon 
supports fur the third piece are cemented at their ends directly to the 
plate of the telephone. 


The microphone so constructed is placed in the new circuit in 


which it is desired to repeat the mes-age originally transmit d. 
The method of its operation is evident. The slight movements of 
the diaphragm of the receiving telephone, which sre, in fact, so 
slight as to render them almost impossible of detection by mechanical 
means, are nevertheles< at once recognized hy the marvellously sen-i- 
tive microphone, and are repeated in the new circuit as variations in 
the intensity of the electrical current traversing it. The message <o 
relayed or repeated, for it is evident that the instrument can be used 
either as a relayer or a repeater, may be either received at once hy a 
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182 EVIDEXCR FUR COMPLAIXAKTS IN REPLY. 


telephone placed in said circuit, or may be again repeated in a new 
circuit. By this means we believe that the distance to which a 
telephone mexsage can be transmi:ted will be very greatly increased. 

Owing to the extreme sensitiveness of the microphone, it will be 
necessary, in the practical application of this instrument as a relay, 
to carefully shield it from «ll extraneous sounds, which, weak though 
they may he, are nevertheless very loud when compared with thuse 
which would be produced by the feeble movements of the plate of 
the receiving telephone. This may be obtained in practice in several 
ways, as, for example, by placing the microphone relay in a box 
with double or treble hollow walls lined with cotton, wuol, or some 
other non-homogeneous material, or hy sinking the instrument in a 
pit under ground. We have found but little difficulty, however, in 
the trial of our instrument over a city line of some three miles in 
length, of obtaining the quiet necessary for the working of the in- 
etrument, although the latter was placed in a large room in the second 
story of a building facing a public thoroughfare, and the time of 
trial wa< shortly after midday. | 

The mier. phone, when properly constructed, has its greatest sen- 
sitiveness when the picce of carbon, pointed at both ends, rests in a 
nearly vertical position. Its electric:l resistance is then at its maxi- 
mum. In this position the upright carbon is resting on its extreme 
ends, and the cross section of contact a minimum. So placed, the 
slightest acoustic movement brings portions of the conical surfaces 
of the upright piece against the edges of the cavities, and thereby 
diminishes the resistance by increasing the area of the surfaces in 
contact. If now it be desired to diminish the eensitiveness of the 
instrument, it is only necessary that it be so placed that the upright 
carbon be no longer supported vertically, but be slightly inclined. 
In this position more force is required to move the upright piece, 
and so cause it to vary the electrical resistance. In all the micro- 
phones that we have experimented with when the upright piece was 
held nearly vertically, whispers or other faint sounds were distinctly 
transmitted, but the voice of a person standing a few feet from the 
instrument, and speaking as in ordinary conversation, caused such a 
rattling of the receiving instrument as either to render the sound 
unintelligible or greatly confused. In all such casez, a certain in- 
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clination could be obtained, varying slightly in each instrument, at i 

which the rattling of the instrument entirely disappeared, and the 73 

sound was distinctly and loudly transmitted. 

2 When the microphone relay is placed in a circuit whose resistance 

is cunsiderable, as, fur example, at the end of a distant station, we 1 

j increase the sensitiveness of the instrument by attaching a number a 5 

7 of minute microphones to the receiving diaphragm, as shown in the 1 

Ggures. These may be connected in series, a3 in Fig. 3, or in mul- 
— at ence 2. 
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Since the variation in the electrical resistance of the microphone 
depends mainly on the upper contact of the loose piece with its 
support, an increased delicacy may be obtained by attaching this 
4 support directly to the middle of the diaphragm of the receiving 
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14 EVIDENCE FOR COMPLAINANTS IN REPLY. 
instrument, while the lower support need not necessarily be attached 
to the diaphragm. 

We have measured the resistance of a microphone, in which the 
movable piece was composed of a piece of carbon about one and a 
quarter inches long aud a quarter of an inch square, and find that 
when placed in an upright position it has a resistance of about fifty 
ohms, varying, however, in a marked manner, with any sound. The 
same instrument, when turned at an angle of about 40° from the 
vertical, was found to have its resistance diminished to ab>ut 
twenty-five ohms. 3 

It may be mentioned, as an interesting fact in regard tu the micro- 
phone, that when the upright piece is placed in the position of its 
greatest sensitiveness, and a moderately loud sound is made near it, 
although such sound is only transmitted as a confused rattling, yet 
its resonance can, in most cases, be distinctly heard. This is prol- 
ably the cause of the peculiar ringing sound heard when the micro- 
phone transmits mere noises, such as those produced by a person 
walking. 


EXHIBIT DONEIN ON ACOUSTICS, 1870. 


When we speak of the pitch of the note produced hy a string or 
an organ pipe, we mean in fact the pitch of the gravest simple tone 
in the combination. This particular component is in general louder 
than any of the others, and is that on which attention is fixed. The 
others become associated with it by habit, and seem only to modify 
its character without destroying the unity of its pitch.” (Donkin on 
Acoustics, page 11.) 


Circuit Court of the United States, 


GOUZEERN DISTRICT OF NEW YORK. 


AMERICAN BELL TELEPHONE 
COMPANY ET AL. 


AGAINST bm Equity. 


MOLECULAR TELEPHONE COMPANY 
ET AL. | 


Evidence for defendants taken pursuant to the Sixty-seventh 
Rule of the Supreme Court of the United States, in Equity, as 
amended. 

JosePH A. WELCH, 
al E — 
29 Wall street. 
New York City, N. . 


Manon 17, 1884. 

Present WHEELER H. PeckHam, Esq., A. O. Kas r, ES0., 

and W. S. Kxox, Esq., of counsel for defendants, and Gro. L. 
RoBerts, Esq., of counsel for plaintiffs. 


PETER H. VAN DER WEYDE, sworn for defendants, testifies as 
follows: 


1 Int. Where do you reside, and how long have you lived 
here? 
A. I reside in Brooklyn, for the last ten years. 


EVIDENCE FOR DEFENDANTS. 


2 Int. What has been your occupation — your life, and 
about how old are you now? 

A. My age isseventy-two. Among my various occupations 
the principal has been that of chemist and physicist. 

3 Int. How about electro-magnetism? 

A. From early life my attention has been especially devoted 
to electro-magnetism, as this was a science which originated in 
my boyhood, and 1 kept so well posted up in it that in 1845 I 
was awarded a gold medal for a text-book on this science in the 
City of Amsterdam, Holland. 

4 Int. You were a native of Holland? 

A. Yes, sir. 

5 Int. When did you come to this country? 

A. In 1849. 

6 Int. Did you ever have occasion to make, and did you 
make, any experiments in electro-magnetism with reference to 
the transmission of sound, musical or otherwise, and if so, please 
state what they were and when you made them ? 

A. In 1867 I received a copy of Hessler’s text-book of phy- 
sics which I now have before me, and which was published in 
Vienna the year before. 

I found then there a description of the telephone invented by 
Reis, of Germany. In 1868 I constructed two such telephones, 
namely, one transmitter of wood and one transmitter of tin. I 
also constructed two or more receivers, one after the original 
of Reis’ pattern as described by Hessler, and a few others 
embodying some of my own improvements. 

As Hessler does not mention the possibility of transmitting 
speech by this instrument, but only mentions it as a contrivance 
to transmit musical tones, and being a musician myself, I had 
for a long time been contemplating if not music would be trans- 
mitted by electric currents, my whole attention was attracted in 
this direction, and all the improvements I made were calculated 
to make the transmission of music more perfect. When, finally 
the instruments were far enough advanced to show them to 
others, I exhibited them at a meeting of the Polytechnic Club 
of the American Institute, in Room 24, Cooper Union. This was 
on January 7, 1869, I believe. 


After some attempts to obtain the right adjustments they 


worked satisfactorily, and various songs were successfully trans- 
mitted. 
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DEPOSITION OF PETER H. VAN DER WEYDE. 3 


7 Int. Was anything transmitted except songs or vocal 
sounds 

A. As far as I remember the experiments were confined, on 
that occasion, to the reproduction of the human voice, while I 
was giving my exclusive attention to the correct reproduction of 2 
the musical melody. 2 

8 Int. Please state the detail, who sang and what was 
sung, and what characteristics of the song were reproduced? . 

A. I could not possibly at this late date remember the names 
of the persons who did sing. Some of the members present volun- 
teered to sing at the other end of the line. They sung parts of pop- 
ular songs, such as Auld Lang Syne and Home, Sweet Home, and 
the reproduction was quite satisfactory to me, being correct, 
except that the pitch of some tones was louder than that of 
others. The effect was like a miniature voice proceeding from 
the interior of the receiving instrument. 

Some of the parties present who listened stated that they 
could distinguish the words of the song, but my prejudice was 
so great against this that I ascribed it to imagination, giving 
my special attention to the musical qualities of the tones. 


Counsel for the complainants objects to that part of the 
answer which attempts to give the statements of other 
persons as inadmissible and incompetent. 


5 Qa — 


9 Int. Are the transmitting and receiving instruments — 
you used on that occasion still in existence? 

A. Four of them are; two of them exactly in the condition 
they were; two others have been partially restored. 

10 Int. (Witness being. shown a tin-box instrument is 
asked) Is that one of the instruments which you used on that 
occasion? 

A. That is the identical instrument; only that a new piece of 
membrane or platinum strip has been attached. 

11 Int. Of what substance was the original membrane made, 
used on that occasion? 

A. Of soft rubber, like the present one. 

12 Int. Of what substance was the strip made, as used on 
that occasion 
A. Of platinum foil, like the present one. 
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EVIDENCE FOR DEFENDANTS. 


13 Int. Were the original rubber and strip adjusted in the 
same way as these? N 
A. Precisely the same. 


14 Int. Who made this instrument and adjusted it for use on 


that occasion? 

A. The tin box was made by one Kripal, aGerman mechanic. 
The adjustments were made by myself, and regulated by my- 
self. 

15 Int. Where has the instrument heen since that time? 

A. It never passed out of my own possession, except lately, 
when I loaned it to Dr. Waite. | 

16 Int. When did you loan it to Dr. Waite, and in whose 
presence? 

A. I cannot tell the date; some six weeks ago I brought it to 
his place. 

17 Int. Is there any change whatever in the instrument since 
you loaned it to Dr. Waite? 

A. None whatever. 


The said instrument produced by the wiiness is put in 
evidence by the defendants, and marked by the Examiner, 
‘‘ Exhibit Van der Weyde Transmitter No. 1—J. A. W., 
Sp. Examiner.” 


18 Int. Can you explain the action of that instrument, as 
you used it on that occasion, and the manner in which you ar- 
ranged it in connection with the receiver, for the purpose of 
your exhibition? | 

A. At that time I considered that the mechanical action of 
the adjustment was an alternate make and break of the current, 
but later I have learned to understand it better; and became 
convinced that the vibration of the diaphragm supporting the 
platinum foil produced a more or less intimate contact between 
that foil and the platinum point, and that way produced a varia- 
tion in the resistance to the battery current resulting in a cor- 
responding variation in the amount of current transmitted. In 
two different rooms, far enough distant to be beyond hearing, 
was placed a receiver and transmitter in each; insulated copper 
wires were stretched between the receiver of one room and the 
transmitter of the other room, while a battery was connected 
in the circuit of each. The singing in the mouth-piece of the 
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DEPOSITION OF PETER H. VAN DER WEIDE. 5 


transmitter in one room putting its membrane into vibration 


caused by the variable contact, when properly adjusted, a 
variation in the current transmitted to the receiver in the other 
room. 

19 Int. How many cells did you use in your batteries? 

A. About half a dozen Bunsen cells in each battery, I believe. 
There was a battery in each room. 

20 Int. Have you, in your possession, either of the receivers 
used on that occasion? 

A. This is one of the two receivers (witness producing an in- 
strument). 

21 Int. Is this the identical receiver, and in the same con- 
dition? 

A. It is in the same condition, only the two blocks supporting 
the electro-magnetic bar have been restored, as the bar had been 
taken out to use for other experiments. Otherwise, it is pre- 
cisely the same. 

22 Int. Where has it been since that time? 

A. Exclusively in my possession, until I loaned it to Mr. 
Waite at the same me with the transmitter. 

23 Int. Will you describe to us what was done at that time 
with the two instruments you have now produced, the trans- 
mitter and receiver? 

A. The transmitter was in a distant room with a battery; 
singing was done into it, and the receiver was on the table, in 
the other room, where members listened to the effects. 

24 Int. Did you listen at the receiver, and did you hear the 
singing? 

A. I did listen; I did hear the singing. 

Defendants offer in evidence the instrument last pro- 
duced by the witness, and it is marked by the Examiner 
in evidence as Exhibit Van der Weyde Receiver No. 1— 
J. A. W., Special examiner.” 


25 Int. What did you distinguish as coming through the re- 
ceiver? 

A. I distinguished very distinctly the melody of the tune 
which was being sung at the other end of the line. 

26 Int. Could you distinguish whether that melody was made 
by a human voice or by a musical instrument? 
A. It sounded like a human voice, but rather nasal. 


** 


EVIDENCE FOR DEFENDANTS. 


N Int. Do you remember any persons who were present, and 
if so, who? 

A. Mr. Hatch was present; Mr. Blanchard, Mr. Finnell, and 
other members of the Polytechnic Club. 

28 Int. Have you now present the other transmitter which 
you used on the occasion referred to? 

A. I have. 

29 Int. Where has that been since you used it in those ex- 
periments? 

A. It has been in my possession, until I loaned it two years 
ago to Mr. Marx, of the People’s Telephone Company, who had 
it since that time until now. 

30 Int. Did you give an order for it on Mr. Marx to Mr. Liver- 
more? 

A. Yes, I did. 

31 Int. Mr. Livermore is one of the defendants in this case, 
is he? 

A. Yes, sir. 

32 Int. How long ago did you give that order? 

A. About two months ago. 

33 Int. Do you know whether or not that instrument was 
exhibited at any other time? 

A. Yes. It was also exhibited at the Cooper Institute in Jan- 
uary, 1869; it was also exhibited some time afterward at the 
rooms of the office of the newspaper Manufacturer and 
Builder,” of which I was editor, at 32 Park row, after I had 
given an illustrated description of the same in that paper. 

34 Int. Can you fix approximately the time when it was ex- 
hibited in the office of the Manufacturer and Builder ?’ 

A. It was just before I brought it to Mr. Marx; because I re- 
member distinctly that I took it from that office to bring it to 
Mr. Marx, consequently it must have been some two or three 
years ago. 

35 Int. Can you tell us, approximately, how long it had then 
been on exhibition there? 

A. It was there for a good while—perhaps two or three 
years. 

36 Int. Is that instrument now in the same condition that it 
was at the time of the experiments in Room 24, before referred 
to; and, if not, how does it differ? 

A. It is not in the same condition. While on exhibition in 
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the office of the paper the Manufacturer and Builder” some 
visitor removed the piece. of platinum foil resting on the mem- 
brane, and also a most important screw for adjustment. 

37 Int. Please describe where the platinum point was and 
how attached? 

A. The platinum point was on the strip overlapping the 
platinum foil, which was scldered to the other strip, and made 
adhesive to the vibrating membrane. Both the strips were pf 


copper. The contact of the platinum point with the platinum 


foil was adjusted by the adjusting screw which is lost. The 
outside connection of the copper strips is with binding posts, 
and those binding posts are to connect with the line wire and 


38 Int. In this instrument the platinum point is broken off, 
is it not? 

A. It is. 3 

39 Int. About how long was the platinum point before 
being broken? 

A. About an eighth of an inch. 

Sa ö in that 
one which held the platinum point. Was that hole there at the 
time you used this instrument in 1869, and what was its pur- 
pose? 

A. It was there, and its purpose was to hold the adjusting 
screw, which was intended to press the platinum point against 
the platinum foil. 

41 Int. Could you by means of that screw increase or dimin- 
ish the pressure of the point upon the foil or lift it from the foil 
altogether at pleasure? 

A. I could do so, and used it practically for that purpose. 

42 Int. How did the point, foil and screw get lost? 

A. They appear to have been removed by some visitor when 
the instrument was on exhibition at the office of the Manufac- 
turer and Builder,” as I stated before. 

43 Int. With the exception of these missing parts, is this in- 
strument the same as when used by you January 7th, 1869? 

A. It is the same. 

44 Int. Is the instrument you have been describing one of 
the transmitters you have referred to as being used in your ex- 
hibition of January 7th, 1869, excepting the missing parts 
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EVIDENCE FOR DEFENDANTS. 
A. It is the same identical inrtrument. 


The instrument last mentioned is now offered in evi- 
dence by the defendants and is marked by the Examiner 
% Exhibit Van der Weyde Transmitter No. 2—J. A. W., 
Sp. Examiner.” 


45 Int. (Witness, being shown another instrument, is asked :) 
What is the instrument you now hold in your hand? , 

A. It is a correct reproduction of the transmitter I have just 
examined and described, with full restoration of the missing 


46 Int. How does it compare with the transmitter as you 
employed it on January 7th, 1869? 

A. The essentials of the structure ure just the same. 

47 Int. Does the point bear the same relation to the foil? 

A. It does. | 

48 Int. Does the adjusting screw operate in the same way 
and perform the same functions? 

A. Exactly the same. ) 


The instrument last mentioned is now offered in evi- 
dence by the defendants, and is marked Exhibit Repro- 
duced Van der Weyde Transmitter No. 2—J. A. W., Sp. 
Examiner.” 


49 Int. What receiver did you use in connection with the 
transmitter last described, in the other room? 
A. A receiver resembling the original Reis receiver, with 
sounding-board. - 
50 Int. Had it more than one rod or needle? 
A. I had in that receiver some forty rods or needles of dif- 


ferent lengths, of which only the longest reached or projected 


beyond the coil. 

My reason for using so many rods was that I found that 
tones of certain definite pitch were much more loudly trans- 
mitted than other tones. I ascribed this to the fact that every 
rod has a pitch of its own; and so, in order to give all the tones 
of the musical scale equal chances to be reproduced, I inserted 
in the coil rods of different lengths, because their pitch changes 
with the length of the rod. 
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51 Int. Have you now the receiver used with transmitter 
No. 2, or any of its parts? If not, when did you last have it or 
any of its parts? 

A. I have part of it at my house now, and am occupied in 
restoring it to its original condition. 

52 Int. Did you give the parts which still exist at any time 
to Dr. Waite in order that he might make one like it? 

A. I did. 

383 Int. I now hand you an instrument, which we call “ Bx. 
hibit Reproduced Van der Weyde Receiver No. 2,” and ask you 
if it is substantially like the receiver of which you last spoke, 
and, if-not, in what respects it differs? 

A. It is substantially the same, the only difference being 
that in my receiver the rods or needles are all of different 
length and there are more of them. 


Said instrument is put in evidence by defendants and 
marked as above. 


54 Int. How long did your receiver remain uninjured, and 
what are the parts which you say are now missing? 

A. As far as I can remember, it remained uninjured for a 
few years, when finally the coil became separated from the 
sounding-board, while the needles were lost, but the sounding- 
board and coil are still in existence, and capable of being 
adjusted together again. ‘The cause of the separation was an 
attempted improvement in the receiver, which improvement 
consisted in the utilization of the magnetic attraction of the 
iron core or cores. 

The experiments in this direction did finally lead to the con- 
struction of receiver, ‘‘ Exhibit Van der Weyde Receiver, No. 
1,” which in chronological order was the fourth receiver which 
I made. 

55 Int. I now hand you an instrument which we will call 
defendants’ Exhibit Van der Weyde Receiver No. 3,” and ask 
you if you constructed the same, and if so, when and where? 

A. I constructed this receiver in November, 1870, in the City 
of New York. 


Said instrument is offered in evidence by defendants, 
and is marked as above. 
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56 Int. Please state how you came to make that receiver, 
and how, if at all, you used the same? 

A. In August, 1870, at the Troy meeting of the American 
Association for the advancement of Science, of which I am a 
Fellow; I gave an account of my improvements in the art of 
transmitting musical melodies by telegraph. In the discussion 
following upon what I spoke, and after appreciating the value 
of my improvements one of the members suggested that I 
should use, in place of the brass plate, an iron diaphragm of tin- 
ned iron, so called, a tin plate, in front of a horseshoe magnet, 
speaking of it as a well known device, in such a way as to give 
me the impression that he had tried it; I was at that time not 
aware that Reis almost ten years before had used horseshoe 
electro magnets in connection with his telephone. 

After my return to New York, in September, 1870, I immedi- 
ately set to work and made this instrument, Van der Weyde Re- 
ceiver Number three. 

57 Int. State when and where, if ever, you used Van der- 
Weyde Receiver number three, and with what result? 

A. I used it chiefly for investigating what forms of electro 
magnets would be the most profitable for the reception of musi- 
cal tones. 

Several electro magnets belong to this apparatus, of which 
two have been preserved, and which gave varying results, those 
now attached to the apparatus being found the best. 

I ought to state, that by removing the various electro mag- 
nets the two brass adjusting screws were lost, and that those 
have been lately restored by me. The rest of the apparatus is 
the same as when first used. 

58 Int. Did you use Van der Weyde Receiver No. 3 with 
either of the exhibits, Van der Weyde Transmitter, No. 1 and No. 
2; and if so, with which, and with what results? 

A. I experimented with both transmitters, and one of the 
principal results was that this receiver was found to require a 
much less battery current than my receiver, Exhibit No. 1. 

59 Int. What, if anything, was transmitted through trans- 
mitters, Van der Weyde Transmitters Nos. 1 and 2 and received 
by Van der Weyde receiver No. 3? 

A. Besides melodies sung by the human voice, I exerimented 
by the tones of the violin, flute, loose organ pipes, and a piano; 
but in the latter case I did not use any transmitter but the piano 
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itself, arranging a contact point with one of the brass pins on 
the bridge of the sounding board; and to my satisfaction chords 
and harmonies were transmitted over the wire. 

60 Int. In using the different instruments you have mentioned 
to actuate the transmitter, could you at the receiver distinguish 
one instrument from another? 

A. Icould decidedly—I found a decided difference. 

61 Int. At what period did you use the instrument, Van der 
Weyde Receiver No. 3, in the manner you have stated? 

A. At various times between the years 1870, and 1873 or 
1874, when, off and on, I had achance to experiment, which I did 
every time my other duties allowed me—a thing I have contin- 
ued doing until the present day. 

62 Int. From 1870 to 1873, inclusive, did anybody see the in- 
strument Exhibit Van der Weyde Receiver No. 3, and see you 
use it with either of your transmitters; and if so, name some of 
the persons. 

A. Some of my intimate friends must have seen it; I cannot 
remember who, but am sure to find some, like I found those 
who saw my exhibition at the American Institute. I ought to 
add, that in regard to this last receiver, I avoided publicity, as I 
had in my mind some further improvements, and its application 
on a larger scale for furnishing music to subscribers over a tele- 
graph wire, all arranged in such a way that with a switch I 
could turn on the music like I would turn on the water or the 


63 Int. You said that in using the piano, you did not use a 
transmitter. Please state whether you used the electric circuit 
in order to transmit the piano tone; and if so, please state in de- 
tail how you made the connection? 

A. I used the electric circuit in the following manner: The 
bridge of a piano is a wooden cross-piece glued to the sounding 
board; all the strings are stretched over that, and are kept in po- 
sition by brass pins, any of which form a good metallic circuit 
with all the other strings, and the iron frame, on which the 
strings are stretched. All that is necessary, therefore, to change 
a piano into a transmitter is to platinize the top of one of those 
brass pins, and to place over it, by a proper screw adjustment, 
a platinum point, or a carbon button, with such a slight pres- 
sure that a vibration of sounding board and bridge will vary the 
contact. All that is necessary is to make a metallic circuit of 
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copper wire, in which a battery is placed, and at the far distant 


end a telephonic receiver, which, with proper adjustments, will 


faithfully reproduce the music played on the piano. 

64 Int. Please state how completely and thoroughly you 
could hear, at the receiver, the music played on the piano? 1 
refer to the years 1870 and 1873, inclusive. 

A. I cannot say that the transmission was perfect for the 
whole range of the instrument. It was the best for the tones in 
the neighborhood of the contact, and I came to the conviction 
that for the equal transmission of the music for the whole 
range of the instrument it might be necessary to establish sev- 
eral points of microphonic contact; perhaps one for each octave. 
This however, I did not try. 


65 Int. Please describe the effect, as to the tones near the 


contact point? 

A. The effect was very satisfactory. 

66 Int. At the time of your experiment in Room 24, January 
7th, 1869, was anything said by anyone there present, with re- 
spect to the hearing the words of the song? And if so, what 
and by whom? 


Objection by plaintiffs, as inadmissible and incompe- 
tent. 


A. There, were about half a dozen persons present, who said 


they could understand the words of the song; among them Mr. 


Hatch and Mr. Finnell. They told me so, but I supposed that 
in their mind the melody was so associated with the words that 
when they heard the melody they imagined they heard the 
words too. : 


Adjourned till Tuesday, March 1Sth, 1884, at 10.30 A. M. 
J. A. WELCH, 
Sp. Examiner. 
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New York Crry, N. Y., March 18th, 1884. 


Deposition of Peter H. Van der Weyde continued. 
Present—The same counsel for the respective parties as on 


JOSEPH A. WELCH, 
Special Examiner. 


67 Int. Directing your attention now to Exhibit Van der 
Weyde Receiver No. 1, will you explain the construction of its 
essential parts, and the office which those parts perform in the 
transmission of sound? 

A. In order to explain this properly, I must state that this 
is the fourth receiver I constructed. The first receiver was en- 
tirely on the Reis principle, consisting of a single iron bar with 
coil surrounding it. 

The second receiver was essentially the same, however, with 
the important difference of substituting some forty bars or 
needles of different lengths for the single bar, under the suppo- 
sition that in this way a better equalization of the various tones 
of the musical scale would be obtained, considering that the 
pitch produced by the longitudinal vibrations of bars varied with 
their length. 

The third receiver operated on a different principle. I con- 
ceived the idea of utilizing the magnetic attraction of the iron 
core, and I replaced the original single bar of Reis, and placed 
in front of one of its extremities an iron button supported by a 
spring. I found, however, that the spring and button had a 
certain velocity of vibration by themselves, and responded only 
to tones corresponding to their own pitch, or to harmonies of 
those tones, and not to others. This arrangement, therefore, 


was entirely unsuited for the reproduction of musical melodies . 


and another device was necessary. Fortunately, I had in years 
gone by largely experimented with the vibrating plates, as de- 
scribed by Chladni, and had become quite an expert in reprodu- 
longed to a different tone. 

Those experiments had shown me that one single plate can 
vibrate in a great many different ways and in that way produce 
or reproduce many tones. As the use of glass plates, which 
were mostly used by Chladni, was not so practicable in this case, 
I substituted metallic plates, which Chladni also used, and 


* * 
* 


12 
, ie *. 4 * 2 e 4 I. re 2 8 
10 7 ee ] mu ˙ m babe e, bee, e eee e eee 
1 W I ; “ 


«Lees 


—N—N— — — —ñ——— 
1 


—— ee oe 


e 


— — 


Ann 


n 


4 =. * 
— —U - 5 
+ 


14 EVIDENCE FOR DEFENDANTS. 


selected brass, because I had repeated experiments of Chladni 
with brass plates. To the centre of such a brass plate I soldered 
an iron button. This brass plate was placed in a vertical posi- 
tion with the iron button in close proxemity to the iron core 
surrounded by the coil, and the apparatus called ‘‘ Exhibit Van 
der Weyde Receiver No. 1,” was the result. 

as used by Reis, but its function is different than it is in Reis’s 
arrangement; its fluctuating magnetism produced by the varia- 
ble electric current passing through the coil result in a variation 
of the attraction, which the iron core exerts upon the iron but- 
ton. This button is therefore put in vibratory motion, and be- 
ing attached to the brass plate communicates its motion to the 
same for a wide range of velocity, because, as before stated, 
elastic metalic plates may vibrate in a great variety of ways. 
This vibration of the brass plates is then communicated to the 
air according to the well known laws of sonorous bodies. 

68 Int. Upon what is the brass plate supported, and how is 
it attached to its support? 

A. It is supported on a piece of board, to which it is attached 
by screws or their equivalent, while, in order to give it freedom 
of vibration for its central portion, a larger hole was made in 
the wood supporting it, so that only the edges of the brass 
plate were in contact with anything. 

69 Int. The screws at the other end of the instrument. 
Please explain their function? 

A. They are intended to conduct the variable electric current 
through the coil surrounding the core and are connected with 
the line wire. 

70 Int. Please examine Exhibit Van der Weyde Receiver 
No. 3” and explain the construction of that instrument, and 
the function of its various parts? 

A. Its construction is based on exactly the same principles as 
the one just described; the only difference being that the horse- 
shoe electro magnet is used in place of the straight electro mag- 
netic bar, which offers the great advantage of utilizing the mag- 
netic attraction of both poles or extremities. 

The other difference is, that in place of using a brass plate 
with iron button, a tinned iron plate is used, which is, of course, 
put into vibration in exactly the same manner as the preceding 
instrument. 
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Cr0ss-EXAMINATIOX OF PETER H. VAX DER WEYDE BY GEORGE 
L. Rom, Esq.: 

71 x-Q. You refer to a copy of Hessler’s text book of physics, 
which you say you received in 1867. Will you give the German 
title of that work, and the date and place of publication as they 
appear upon the title page, and also state the numbers of the 
pages upon which the description of the Reis instruments 
referred to by you therein appears? 

A. The general title of the work — 
nischen Physik, von Dr. J. Ferdinand Hessler.” 

The sub title is Hessler-Pisko Lehrbuch der Technischen 
Physik.” 

The place and date of publication are ‘‘ Wien, 1866,” which 
signifies Vienna, 1866. 

The description of the Reis instruments referred to by me is 
on pages six hundred and forty-eight and nine, of volume one, 

72 x-Q. When did you first do anything toward constructing 
such instruments as you found described in Hessler's text book, 
as mentioned, and what did you do? 

A. The first instruments were constructed in 1865. The 
boxes were not made by me; I employed for that a German 
mechanic, as I stated yesterday. 

73 x-Q. How did those first instruments compare in construc- 
tion with the instruments shown and described in Hessler's text 
book? 

A. The essentials of the operation are the same, only when I 
construct an instrument after a published drawing, I never fol- 
low all the minutiz of the detail, but use my own judgment 
with regard to them. As I have had a long practical training 
in experimenting, I have some confidence in regard to my own 
methods of adjusting parts. One of those methods is never to 
stick different parts together which can be separated; there- 
fore I left away the key for making contact, and the electro 
magnetic bars attached to the transmitter of Reis, as represented 
in Hessler, considering it an unnecessary incumbrance; intend- 
ing, if necessary, to place them on independent bases, if found 

to use them in connection with the transmitter. I 
also omitted the cover over the receiver, as represented in Hess- 
ler, convinced, as I was, that in place of increasing the sound it 
would act more like a damper. 
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74 x-Q. Were those first instruments which you constructed 
like the Reis instruments, shown and described in Hessler’s text 
book, in all other particulars except those mentioned by you, 
namely, the omission of the signalling key and electro mag- 
nets from the transmitter box, and the omission of the cover 
from the receiver? | 

A. There were some other differences; one was that I made 
the speaking tube longer, of the transmitter, in order to make 
its use more convenient, and avoid stooping down so-much as 
would be the case on making it as short as represented in Hess- 
ler’s drawing. 

Another difference was the adjustment of the platinum con- 
tact over the vibrating membrane, which, as represented on the 
instrument in Hessler’s book, I considered very defective. 

Still another difference may be mentioned, of substituting in 
one of my transmitters a soft rubber membrane. This, how- 
ever, I wish to be considered only as an experimental change. 

75 x-Q. Have you now mentioned all the differences between 
the first instruments which you constructed and the Reis instru- 
ments described in Hessler’s text book. Please bear in mind 
that the inquiry is confined to the first transmitter and the first 
receiver made by you? 


A. The only other difference which I can conceive is that the 


membrane on the Reis transmitter is much larger in proportion 


to the size of the box than it isin my transmitter. Also, that in 


my first transmitter this membrane is stretched on a ring project- 
ing above the box, while in Hessler’s figure it appears to be in- 
terior, below the top of the box. But the most important differ- 
ence, and which I have stated before, is my adjustment of the 
platinum contacts, which I consider far superior to the arrange- 
ment represented in Hessler; my arrangement containing, as it 
does, an adjusting screw, by which the pressure of the platinum 
point on the platinum foil may be regulated; and which adjust- 
ing screw I have recently found that Reis had used in one of his 
earlier forms of telephone, but appeared to have abandoned 
afterwards. I believe that in the last statements I have now 
covered all the differences which I can possibly conceive. 

76 x-Q. When was this first transmitter, together with the 
first receiver, constructed by you? 

A. In 1868, as I have before stated. 
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77 x-Q. Is either of those instruments still in. existence: 

A. They are; Exhibit No. 1; I mean Van der Weyde Trans- 
mitter No. 1. 

As I have stated yesterday, the essential parts of the first 
receiver are at my house, and I am reconstructing the same. 

73 x-Q. Will you describe the details of construction of that 
first receiver, as it was originally? 

A. It consisted of a rectangular flat sounding board, provided 
with two binding posts for the line connection. Also two 
wooden supports glued to the surface of the sounding board, for 
the support of the iron bar or heavy wire, around which a coil 
of insulated copper wire was wound, the ends of which wire 
were also connected to the binding posts mentioned. 

It was, therefore, entirely like the apparatus represented in 
Hessler, with the omission of the cover, as before stated; and 
also the omission of a kind of telegraph key, which I now notice 
as attached to the receiver shown in Hessler. 

79 x-Q. Will you give the dimensions of thesounding board, 
the length and size of the wire or bar.used; and, if you can, the 
size of the copper wire and the number of turns in the coil as 
they all existed originally in this first receiver? 

A. The length of the sounding board was twelve inches, the 
width five inches, and the height of the box to which it was at- 
tached, two inches. 

The wire or rod was about what is known as numbers five, 
six or seven wire gauge. It was as long as the box; and the 
length of the coil around it was about eight inches, made of in- 
sulated copper wire or between numbers twenty and twenty-four 
wire gauge. The number of windings I could not possibly esti- 
mate with any accuracy. 

The coil was not wound on the bar, but on a cylinder made 
of paper or card board. The diameter of the card board cylin- 
der was small, about three-eighths of an inch, interior diameter, 
so as to fit very loosely around the bar. The wire was wound 
round it, so that the whole coil attained an exterior diameter of 
at least three-quarters of an inch. 

80 x-Q. How long did you experiment with the first transmit- 
ter and the first receiver made by you before you made a new 
transmitter or a new receiver? 

A. Only a few weeks. I soon found out that I could make 
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some improvements in the perfect transmission of music, to 
which I confined myself. 

81 x-Q. What change did you next make in the — 
of either instrument? 

A. The second transmitter was essentially the same, except 
that it was made of wood, not cubical like the first, but flatter. 
Also the adjustment for the contact points was not so clumsy, 
but more neat, simpler and better looking, while accomplishing 
exactly the same purpose. 

The second transmitter was the present Exhibit, Van der 
Weyde Transmitter No. 2.” 

The second receiver was made from the first by substituting 
a bundle of some forty wires for the single wire of Reis, and 
surrounding them with a coil of larger diameter. 

82 x-Q. How long after Exhiblt Van der Weyde Transmitter 
No. 1 was made did you make Exhibit Van der Weyde Trans- 
mitter No. 2? 

A. A few weeks after the construction of No. 1 I made trans- 
mitter No. 2, as I wanted to use two of them, one at each end 
of the line. 

83 x-Q. You have mentioned making three receivers before 
Exhibit Van der Weyde Receiver No. 1 was made. How long 
was it after the first receiver that this fourth receiver was 
made? 

A. A few months after the first receiver; in November or 
December, 1868, the fourth receiver was made, immediately 
after the third receiver, because that was a total failure. 

84 x-Q. When first, if at all, did you make a receiver pre- 
cisely like Exhibit Reproduced Van der Weyde Receiver No. 2? 

A. I did not make one precisely like it. A few weeks after 
my first receiver, similar to that of Reis, I made a second re- 
ceiver, which resembled somewhat Exhibit Receiver No. 2, only 
it contained many more wires of various lengths, which were 
surrounded by a coil of greater diameter. I should state also 
that the second receiver was made from the first; using the 
same sounding board but making another coil of larger diam- 
eter. 

All there was that was common between the two was the 
sounding board and the box supporting it. 

§5 x-Q. Was this second receiver, which you have described, 
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one of the instruments used at the exhibition in room 24 Cooper 
Union, January 7th, 186917 

A It was. 

86 x-Q. After that exhibition, what did you do with the in- 
struments, Exhibit Van der Weyde Transmitter No. 1, Exhibit 
Van der Weyde transmitter No. 2, Exhibit Van der Weyd eRe- 
ceiver No. 1, and the second receiver made by you? 

A. I took them all to my house; some of them the same eve- 
ning, and for the rest, with the galvanic batteries, I called tlie 
next day, aided by my assistant. 

87 x-Q. How long did these four instruments remain at your 
house? 

A. They remained there afterward, among my larger collec- 
tion of electrical apparatus, except Transmitter Exhibit No. 
2, which was on exhibition in the office of the newspaper Man- 
ufacturer and Builder,” and from there some two years ago I 
loaned it to Mr. Marx. The rest of the apparatus remained in 
my possession until some six weeks ago, when it was delivereg 
to Dr. Waite. 

88 x-Q. Do you mean that amoung the instruments delivered 
to Dr. Waite was the identical second receiver made by you? 

A. Not at that time. It was only handed to Dr. Waite a 
few weeks ago; he intended to restore it, but I found that it 
would be better that I restored it myself, being convinced that 
it would be advisable to make it exactly like it was originally, 
‘ which I alone could do perfectly. 

89 x-Q. How much then remained of that second receiver 
made by you, as it was originally? 

A. The sounding board, box and coil. In fact only the nee- 
dles or iron wires were lost, with the blocks sustaining them. 

90 x-Q. How did it happen that those needles or iron wires, 
and the blocks sustaining them, had been lost, and the instru- 
ment not kept intact? 

A. Some ten or twelve years ago I did not attach any especial 
value to those instruments, and so did not take the care of them 
which we take with instruments which we consider very valu- 
able. They were in fact cheaply gotten up, and could be easily 
reproduced at small expense. By theshrinkageof the wood of 
the sounding board the glue connecting the blocks supporting 
the wires to the sounding board got loose and the coil and wires 
became separated from the sounding board, so much so that 
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when one was found the other was not there. Every one who 
has experience about neglected machinery or apparatus knows 
how that is. Some of the parts were lost like a great many 
of the parts of other apparatus, perhaps by removal to another 
residence. I may add to this that if Ihad had any suspicion 
that some day this apparatus would be of value I would surely 
have taken good care of it. 

91 x-Q. You have said that the supports of the electro magnet 
of Exhibit Van der Weyde Receiver No. 1, are not now those 
originally used. How came the original supports to be detached, 
and what was done in the mean time with the electro magnet 
and the other original parts of the instrument? 7 

A. I detached the supports and the electro magnet inten- 
tionally, as I wanted to use the latter for some other experi- 
mental purposes relating to electro magnetism. In this way, 
the base and brass plate remained for a long time among other 
discarded apparatus, while the electro magnets—that is, the 
iron rod and coil, was kept separate for frequent use. 

92 x-Q. You have said that a new rubber membrane and 
strip of platinum foil have been supplied to the Exhibit Van der 
- Weyde Transmitter No. 1. How came the original rubber 
membrane and strip of ylatinum foil to be detached, and what 
became of them? 

A. Icould not possibly tell. When I had loaned Exhibit Trans- 
mitter No. 2 to Mr. Marx, and could not get it back, I supposed 
that all my evidence was lost, because I had not seen transmit- 
ter No. 1 for a long time and supposed it to be lost also, until 
one day, in some out-of-the-way corner in the top of the closet, 
I found this transmitter No. 1, but minus the membrane and 
the platinum. 

93 x-Q. When was it that you so found Exhibit Van der 
Weyde Transmitter No. 1? State the time as well as you are 
able? 

A. I suppose it is some four months ago, more or less. It 
was about the time that the Molecular Telephone Company 
visited me, to inquire about my old apparatus. 

94 xQ. When before so finding it do you remember to have 
last seen the Exhibit Van der Weyde Transmitter No. 1, to take 
any notice of it? 

A. Not as long as I live in my present residence in Brooklyn, 
which is nearly ten years. 
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95 x-Q. When do you have any distinct remembrance of hav- 
ing noticed it last before removing to Brooklyn? 

A. At the time of my removal into the present house I uo- 
ticed it, as I handle my apparatus always myself. 

* 96 x-Q. Do you remember whether at the time of that re- 
moval to your present house this transmitter then had the dia- 
phragm and platinum foil which had been originally used in it, 
or whether they were absent? 
A. My impression 1s, that already then the apparatus was in 
a damaged condition. However, I am not so positive of this, 
because at the time of that removal, ten years ago, there was 
no urgent reason for me to look at it so carefully as I did when 
I recently found it again. 
ö 97 x-Q. When was Exhibit Van der Weyde Transmitter No. 
2 taken from your house to the office of the newspaper Manu- 
facturer and Builder,” of which you are editor? 
| A. I stated yesterday that this was done after I had pub- 
| lished an illustrated description. This is true, but may convey 
a wrong impression. It was not exhibited immediately after 
the publication.of this description. There was no reason to do 
) this, as the public interest had not been awakened to the sub- 
ject, the whole thing being. considered as a mere scientific 
| curiosity. It was only after the first attempts of Mr. Gray, of 
: Chicago, and Mr. Bell, of Boston, in 1876, that the public inter- 
| est was awakened and that numerous inquiries, which I then re- 
: ceived as editor of that paper, induced me to place it on exhibi- 
tion in the office, so as to satisfy the curiosity of those who took 
interest in the history uf the subject. While it was on exhibi- 
tion there I became in some other way acquainted with Mr. 
Marx, who had then his office on Broadway, near Hobart street, 
and hearing from him that he contemplated to establish a tele- 
phone company under the name of The People’s Telephone 
Company, I thought that it might be interesting to him to hear 
about early experimenters in that line. For that 
reason I brought him the telephone, the transmitter No. 2, 
simply for his information, not knowing that he ever would 
come in conflict with others. This was in 1880. 

98 x-Q. Previously then to the telephone excitement in 1876, 
this Exhibit Van der Weyde Transmitter No. 2 had been kept 
at your place of residence, had it? 

A. It was, as well as all the other apparatus. 
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99 x-Q. When do you say that Exhibit Van der Weyde Re- 
ceiver No. 3 was made? 

A. In September or October, 1870. 

100 x-Q. Has it always been in the condition in which it now 
is, or have the parts been separated and the electro magnet used 
for other purposes? 

A. The parts have been separated for two reasons—firstly, 
at least three forms of magnets belong to this apparatus; they 
differed in the thickness of the wire used for the coil, while they 
also differed in the form of the polar extremities. 

In one of them the poles are expanded, overlapping the coil, 
so as to present to the diaphragm a larger iron surface. Those 
different magnets were intended to investigate which was the 
most favorable form for producing the best effects. Conse- 
quently, in those experiments, the electro magnets were fre- 
quently removed and replaced. The magnets were also used for 
other purposes, for experiments, and finally the apparatus was 
left dismounted without the magnets, until when recently it be- 
came necessary to restore it to its original condition, two of the 
horse shoe magnets having been fonnd they were replaced, re- 
quiring no other renovation but the two brass adjusting screws 
which were not found, and therefore replaced by new ones. 

10i x-Q. What experiments did you try with this Exhibit 
Van der Weyde Receiver No. 3, as it was originally con- 
structed, and with what transmitter in the circuit? 

A. My experiments were entirely confined to the transmis- 
sion of music. I experimented by singing with the human voice, 
the tones of the violin, flute and organ pipes, which occasion- 
ally I borrowed from the organ on which I performed every Snn- 
day. I used for those musical transmissions either of the two 
transmitters, Exhibit No. 1 and Exhibit No. 2. I also trans- 
mitted music played on the piano, but in that case I used no sep- 
arate transmitter, the arrangement being as I have already 
stated in my direct examination. 

102 x-Q. When did you last experiment with Exhibit Van 
der Weyde Receiver No. 3, before it was dismounted as you 
have stated? 

A. The fact is, that the experiments which I made with that 
receiver induced me to dismount and remount the apparatus, 
the purposes of my last experiments being chiefly to test the 
mast favorable form of electro magnets, as I have stated before. 
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Those experiments were continued with some interruptions un- 
til 1874 or 1875, when my attention was directed to investigations 
and experiments in another branch of electrical science, and the 
apparatus was entirely put aside until recently. 

103 x-Q. How long were you Editor of the Manufacturer 
and Builder ”? 

A. For eleven years; from its first appearance in December, 
1868, until December, 1879. 

104 x-Q. You have mentioned the publication of an illus- 
trated article in that paper relating to your forms of the Reis in- 
struments. Can you give the date and number of the issue of 
your paper in which that article was published? 

A. That article was published on the first page of the May 
number in 1869, and four months after I had given the ex- 
hibition before the Polytechnic Club of the American Insti- 
tute. 


Adjourned to Wednesday, March 19th, 1884, at 10 A. M. 


CROSS-EXAMINATION OF PererR H. VAN DER WEYDE CONTINUED 
PURSUANT TO ADJOURNMENT: 


Same counsel present for the respective parties as yester- 
day. : 


105 x-Q. I show you the printed copy of an article contained 
in the printed record of the case of the American Bell Telephone 
Company against Amos E. Dolbear and others, beginning on 
page 606 and ending on page 610. Will you please examine the 
article and state whether it is the same as that published by you 
in the May numberof the Manufacturer and Builder” in 1869, 
to which you have referred? 

A. It is not exactly the same, because figure 1 has been 
omitted. The text and the other two figures are the same. 

106 x-Q. Did you yourself write this article? 

A. I did. 
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107 x-Q. Have you here present a copy of the May number 
of the Manufacturer and Builder for the year 1869, contain- 
ing this article, and if so, will you please produce it? 

A. I have it here before me. 


. Counsel for complainants puts in evidence the num- 
ber of the periodical just referred to and identified by the 
witness. 


108 x-Q. Which of your instruments did you furnish from 
which to make the wood cuts figure two and figure three re- 
spectively of this article? 

A. Exhibit Transmitter No. 2 was furnished to make figure 
2 in the publication, while figure 3 represents the second re- 
ceiver which I constructed. 

109 x-Q. Why did you furnish to the engraver Exhibit Van 
der Weyde Transmitter No. 2, from which to make the wood 
cut Figure 2 Transmitting Apparatus,” instead of furnishing 
Exhibit Van der Weyde Transmitter No. 1 to have a cut made 
from that? 

A. There was no special reason, except that it was better 
looking than the other, and would make a better picture, being 
less clumsy. 

110 x-Q. Why did you furnish to the engraver the second re- 
ceiver which you constructed from which to make the wood 
cut Figure 3 the Receiver,” instead of furnishing Exhibit Van 
der Weyde Receiver No. 1 to have a cut made from that? 

A. Partially for the same reason, that it was better looking 
and made a better picture, and partially, also, that I wished 
to confine my description as much as possible to the original 
German invention. 

111 x-Q. How soon after the exhibition of these instruments 
at the Cooper Union, January ith, 1869, did you write the 
article published in the May number of your paper that year? 

A. I wrote that article a very short time before that number 
went to press; after the wood cuts had been made before, which 
was in the latter days of April or the beginning of May, as those 
numbers were usually published between the 15th and 20th of 
the month which was mentioned on the title page. 


112 x-Q. How have you been enabled to name January 7th, | 
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1869, as the exact date of the exhibition of these instruments at 
Cooper Union? 

A. There are two records in existence about the date; one is 
in the transactions of the American Institute for 1869, which at 
that time were yearly published in Albany. The other record 
is an account of that meeting in the New York Tribune” for 
January Sth, 1869. 

113 x-Q. Have you 9 of each of the two publications last 
mentioned? 

A. I have. — the volume! the transactions of 
the American Institute, and can also furnish acopy of the 
‘* Tribune article which I obtained from the Astor Library. 

114 x-Int. Please do so? 

A. Ihave them at my house and ee 
this examination is closed. 


_ It is agreed between counsel for the respective parties 

that the paper now produced is a correct copy of the 
Tribune“ article referred to by the witness, and counsel for 
complainants puts the same in evidence and it is marked 
Exhibit Van der Weyde, ‘‘ Tribune” article of January 
Sth, 1869.” 


115 x-Int. Did you furnish to the reporter of the “‘ Tribune ” 
data from which this article was prepared, or write it or any 
portion of it yourself? 

A. I did not. I did not ever know that any of the daily papers 
had given a report of that meeting; it was only quite recently 
that my attention was called to it, when it was told mo also that 
I could see that Tribune at the Astor Library. 

116 x-Int. Did you ever write or prepare for publication any 
other article upon the subject of your transmitters and receivers 
other or upon the Reis instruments, besides the article in your 
paper of May, 1869, up to the time of the Centennial Exhibition 
in 1876? 

A. As far as I remember now, I wrote only one other arti- 
cle on this subject and that was for the ‘‘ Scientific American,” 
in which I confined myself to the description of the Reis instru- 
ments, as given by Hessler, while I illustrated the same by 
the reprduction of Hessler’s figures. I have not written nor 
published any description of my own improvements, except per- 
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haps the substitution of a greater number of wires for the single 
bar of Reis, in the article found in the ‘‘ Manufacturer and 
Builder,“ referred to above. 

117 x-Int. Were you present at the meeting of the American 
Association fur the Advancement of Science, at Salem, Mass., 
in August, 1869, and did you take any, and what, part in the 
proceedings? : 

A. I was present. I gave an account of Reis’ invention, and 
distributed among the members copies of the May number of 
„The Manufacturer and Builder,” because that paper had no 
circulation among scientists, and it were those especially whose 
attention I wished to call to this interesting invention. 

11> x-Int. You have mentioned the fact of your being present 
at the meeting of the same Association at Troy, N. T., in 
August, 1870—what part did you take in the proceedings of that 
meeting? 

A. Among some other subjects I spoke of some of the improve- 
ments which I had made in the Reis telephone, which did lead- 
to an interesting discussion afterward, which was of some ad- 
vantage to me. 

119 x-Int. Did you exhibit any of your instruments at that 

ing? 

A. I believe not. No, I did not. 

120 x-Int. Did you ever describe such instruments, or refer 
to them in any subsequent meeting of that Association after- 
wards, up to the year 1876? 

A. I believe not—at least I do not remember. 

121 x-Int. Do you know whether the publications of the 
Transactions of that Association contained anything said by. you 
upon this subject at either the meeting of 1869 or that of 1870? 

A. They do not, for reason of my neglect to write down an 
abstract of what I said and send it to the permanent secretary. 

122 x-Int. In your exhibition of your modifications of the 
Reis instruments at Cooper Union, January 7th, 1869, what bat- 
tery did you have in each circuit? 

A. A Bunsen battery, as far as I remember; I believe of 
about half a dozen cells, more or less; of those, however, only 
one cell was intentionally represented in the publication in the 
Manufacturer and Builder.” 

123 K Int. You say a half a dozen cells, more or less.” 
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What range of variation in the number do you mean to indicate 
by ‘‘more or less ?” 

A. Two or three, more or less. The fact is, that it is now 
more than fifteen years ago since I made those experiments. I 
am not positive in regard to the number; only I know one thing, 
that at that experiment I found the electric current to be rather 
weaker than it should have been for perfectly satisfactory re- 
sults. Perhaps the battery was not in a fresh condition and 
somewhat exhausted. 

124 x-Int. Who set up the cells of the battery at that time for 
the purposes of making that experiment? 

A. 1 did so myself, with the help of some parties who were 
often there and volunteered their assistance. 

125 x-Int. What was the capacity of each of those Bunsen 
battery cells used on that occasion? 

A. They were of the smallest kind, about four inches high or 
thereabouts; because I have so many various batteries I cannot 
at this late date remember any further details, and reflecting 
carefully about it, I am not sure now if on that occasion, more 
than fifteen years ago, I didn’t use some other battery than a 
Bunsen. 

126 x-Int. And you cannot say, can you, that the battery 
which you did use was not in good order? 

A. It was not in perfect order, at least it appeared to me not 
to act as vigorously as it had done when I made the experi- 
ments at home. 

127 x-Int. Was it the same battery which you had previously 
used at home for experiments with the same iustruments in 
circuit? 


fore with those instruments; those batteries were Smee’s, which 
did not act as well; Daniell, which acted better; Grove and Bun- 
sen, the latter acting the best. 

128 x-Int. Please look at figure 2 of your article published in 
your paper of May, 1869, and state what battery cell is there 
represented, and whether it refreshes your memory as to kind 
of battery used by you in the exhibition of January 7th, 
1869? 

A. That appears to represent a Bunsen battery, but compar- 
ing it with the transmitter next to it, it is evident that the 
engraver reduced the size—a thing which is very customary in 


A. It was one of the different batteries which I had used be- 
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electrical drawings, as it would be very injudicious to repre- 
sent a battery cup or cups much larger than the principal in- 
strument to be described. 

129 x-Q. Do you remember any changein the working of the 
instruments, either during the exhibition of January 7th, 1869, 
or immediately afterwards, when the meeting had broken up, or 
do you remember that anything was done to increase the power 
of the battery on that occasion before the members had all dis- 
persed? | 

A. Nothing was done to the battery except the increasing or 
decreasing the number of elements in the circuit, so as to find 


out the best arrangement; as I found out that, notwithstanding . 


the apparent weakness of the battery, at least judging from the 
results obtained, the platinum contacts appeared to suffer some; 
in fact, those contact points had been renewed more than once 
during my various experiments with these transmitters. 

130 x-Q. You have testified that for some reason you found 
the battery used at that exhibition to be weak. Do you remem- 
ber, nctwithstanding that fact, to have decreased the number of 
elements in the circuit? 


A. Yes, I did; in order to find if perhaps I wasnot mistaken, — 


and if the battery was not strong enough after all, or that the 
cause of the apparent weakness was to be found somewhere else. 
It is a thing which an experimenter often resorts to; because 
after much experience he finds that he is often mistaken in his 
first conclusion, and has to find his way out of the difficulty by 


131 x-Q. What did you find, as matter of fact, was the cause 
of the apparent weakness, and what did your trials result in, as 
respects finally increasing or decreasing the number of elements 
in the circuit? 

A. When, at last, after the meeting had adjourned with only 
very moderate results, several members remained, and I suc- 
ceeded to make everything work perfectly satisfactorily, we 
were all so very much occupied with singing in the transmitter, 
and listening at the receiver, and all were amused so much, 
that we forgot all about the causes of success, and as it was late 
in the evening, and being tired, I did not look into te causes of 
the final success; so that it is impossible for me to point them 
out now—the simple fact stands there, that at last success was 
obtained. It must not be forgotten that at that time we were 
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all in the dark about the conditions to make a telephone oper- 
ate, not having that light on the subject in which we rejoice at the 
present day. 

132 x-Q. Do you mean that you were all in the dark about 
the conditions to make a Reis telephone operate at that time to 
transmit musical sounds? 

A. About some of the conditions I was in the dark; all my. 
information being derived from Hessler’s book, which gives a 


very defective account of this invention. It was my misfortune’ 


to have no other information, and if I had seen those German 
journals which gave a correct account of what Reis had done, 
and how he had done it, and what he had accomplished, I would 
never have been so much in the dark as to suppose that his tele- 
phone would not transmit speech; but, as I say, having the mis- 
fortune in believing in Hessler, I believed, wrote and published 
the opinion that Reis’ telephone could only transmit music, and 
not spoken words. | 

133 x-Q. Wherein is Hessler’s account of the Reis invention 
defective, and what German publications are now known to you, 
published prior to 1876, in which that invention is set forth in 
any different terms substantially, or in such manner as to de- 
scribe any different mode of operation? 

A. Hessler’s account is defective in this, that it only con- 
siders the interruption of the current by the vibrating mem- 
brane of the transmitter, by which a succession of electrical cur- 
rents are thrown over the wire, corresponding to the pitch of 
the tone. This statement impressed me with the conviction that 
only the pitch of tones could be transmitted, and prevented me 
from observing that in my transmitters, with the adjusting 
screw which pressed the platinum point against the platinum 
foil of the membrane, I obtained a transmission of sounds with- 
out any separation of the two. In fact, I did seldom observe the 
spark which accompanies the interruption of a current of suf- 
ficient strength, except when I pressed the membrane down 
with the finger. This statement of Hessler prevented me to 
carefully notice what took place in my transmitters, which is 
not a separation of the platmum parts, but a closer compression. 
In fact, by speaking in the mouthpiece, the vibration of the air 
in the box presses the membrane with the platinum foil more 
closely against the platinum point over it; in that way alter- 
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nately increasing and dcreasing the conductivity of the parts, 
and consequently causing a fluctuation of the currents. 

It is Hessler’s fault that I was blind for this observation. 
Finding, as I did, that it was not necessary to keep the point at 
the small distance from the membrane, this position of the point 
gave me in fact a snarly reproduction of the pitch, while a slight 
permanent contact gave me the best results. 

In regard to previous publications, which put the inventions 
of Reis in a better light than was done by Hessler, I must men- 
tion the first memoir of Reis himself, published in the Jahres- 
Bericht Des Physikalischen Vereins Zu Frankfurt am-Main,” 
for the year 1860-1861. From this memoir it appears that Reis 
solved the telephonic problem upon the principle of the human 
ear. in which the malleus bone is always in contact with the 
drum or membrane, and in which the vibrations of the drum 
are, by the intervention of this bone, and of some others, trans- 
mitted to the auditory nerve. 

His first telephone was, in fact, a rough imitation of the 
internal parts of the human ear, while the most essential part 
the vibrating membrane and its attachment had been used, not 
only in his successive modifications of the instrument, but are 
the essential parts of all the telephones constructed until the 
present day. I refer here especially to what are now called the 

transmitters. 

In this memoir Reis gives undulating lines, representing the 
vibrations of different tones, and says, among other things, un- 
& til now it has not been possible to reproduce the tones of human 
„ speech with a distinctness to satisfy everybody. The conso- 
‘‘ nants are, for the most part, tolerably distinctly — 
but the vowels not yet in an equal degree.” 

If I had read this memoir in 1867 or 1868, in place of getting 
all my information of Hessler, I would surely not have confined 
myself to improvements in the transmission of musical tones, 
but of human speech. I omit to mention several other descrip- 
tions of Reis’ apparatus, in various German journals published 
about that time or shortly after, and which all give a better ac- 
count than is the case with Hessler, and will confine myself to 
mentioning one article published in the Journal of theAustro-Ger- 
man Telegraph Society, and written by Von Ligat, Inspector of 
the Royal Telegraphs, who gives an explanation of the vibra- 
tions producing sound somewhat in the style as Reis did before, 
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with a desctiption of one of Reis’ transmitters, containing the 
important adjusting screw for regulating the contact with the 
vibrating membrane. 

But especially interesting is this article, as it describes a re- 
ceiver made by Reis from an electro-magnet, consisting of one 
electro magnet, of which the armature is attached to a long and 
flat wooden rod, which is intended to intensify the vibrations of 
the armature and make them more audible. 

It appears from this, that Reis anticipated the improve- 
ments which I and others made in 1879 aud 1870 by several 
years. Therefore I hold that if those publications had been 
given greater publicity, it would have induced others, as well as 
myself, to go on along the track which the genius of Reis so 
clearly indicated. 


Counsel for complainants objects to all those parts of 
the answer not relating to Hessler’s account of Reis’ in- 
vention and to German publications published prior to 
1876, as irresponsive and inadmissible. 


134 x-Q. While making the last preceding answer beginning 


with the phrase In regard to previous publications,” what 
book did you hold in your hand, and refer to for the German 
publications inquired about, and quote from when speaking of 
the Reis memoir of 1861? 

A. The title on the title page is, Phillipp Reis: Inventor 
of the Telephone. A Biographical Sketch,” Kc. By Sylvanus 
E. Thompson, B. A., D. Sc.,“ Kc. London, E. & F. N. 

ee, 5 Se New York, 35 Murray street, 
‘© 1883.” 

135 x-Q. You read and understand the German language, do 
you not? 

A. I do. 

136 x-Q. Can you quote from any German publication is- 
sued prior to 1876 any description of the Reis telephone, which 
explains its mode of operation in a substantially different man- 
ner from the description contained in Hessler’s text-book to 
which you have referred, that is to say, the mode of opera- 
tion of the transmitter by making and breaking the electrical 
current? 

A. In order to do this, I would have to make a search through 
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the different scientific journals published at that time. I sup- 
pose I would find better accounts than are given by Hessler, but 
even if that were not the case it would not change the fact of 
the nature of the operation. 

137 x-Q. Is the account in Hessler’s text book the only de- 
scription of the Reis instruments published prior to 1876, which 
you remember to have ever read in the original German? | 

A. It is the only one. 

138 x-Q. Have you ever read any other translations of any 
such German publication or publications than those which 
Sylvanus P. Thompson’s book just referred to purports to give? 

A. They are the only ones, and I saw Thompson’s book for 
the first time only three or four days ago. It has, however, 
not influenced me, as I had attained my present convictions 
about the true operations of the Reis transmitter more than two 
years ago. 

139 x-Q. Returning once more to your experimental exhibi- 
tion at Cooper Union, January 7th, 1869, can you say whether 
or not you had a greater number of battery cells in circuit after 
the meeting had broken up, and when more successful results 
were obtained in the presence of the members who remained, 
than you had in circuit during the meeting and while the results 
were not so satisfactory? 

A. I cannot possibly teil, as I don’t remember. I may have 
connected the cells for quantity, making their operation equiva- 
lent to a lesser number of cells of larger size, but I cannot possibly 
remember anything definite about that, considering that I 
handled battery cells so frequently in different combinations. It 
is impossible for me to tell what the combinations were on that 
particular occasion. 

140 x-Q. You have mentioned the destruction and removal 
of the platinum points and platinum foil of your transmitters, 
while you were experimenting with them. How frequently did 
this happen, and what caused their destruction? 

A. Destruction is rather a strong expression for what hap- 
pened to them. They were only gradually damaged by repeated 
use, and when the filing of the extreme point being repeated 
made it too short, it was replaced by another, and this did not 
happen often. 

141 x-Q. Why did you have to file these points? 

A. To make the contact smooth; filing them down with very 
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fine sandpaper, as is customary with telegraph keys; as also by 
constant use the contacts become imperfect. 

142 x-Q. What was the cause of the points not remaining 
smooth after being so filed? 

A. By our knowledge at the present day it is easily ac- 
counted for. The mild Le Clanche cell was then unknown, and 
would in fact have been inoperative to act upon the receivers, 
whether of Reis or myself; while at the present day a single cell 
of that kind is sufficient to act upon a modern telephone receiv- 
er, and therefore will not damage its delicate adjustments of 
platinum or carbon. My receivers required a much stronger 
current than modern ones, and as all of this current has to pass 
between the delicate platinum points and foil it is very natural that 
they gradually become damaged. They were also much exposed 
to dust, by the very construction of my transmitters; and every 
electrician knows how injurious this is to delicate adjustments. 

143 x-Q. And is it for the same reasons that the contact 
points of telegraph keys are damaged and have to be renewed? 

A. Not exactly. Ina telegraph kev, the surfaces of contact 
are larger and are brought together by a comparatively heavy 
pressure, while as a rule they conduct far stronger currents than 
is the case with telephones; currents so strong, indeed, that 
often a spark is visible at the separation, the operation being a 
continuous alternate opening and closing of the circuit. In tel- - 
ephone transmitters the case is different; the pressure on the 
contact point is very slight. The contact is constant, while the 
separation is exceptional, and takes place only when the sound is 
much louder than that for which the contacts are adjusted. 

144 x-Q. When such platinum contact points in the battery 
es circuit are separated and a spark is then visible, how does such 
separation and sparking affect the wear of contact points? — 

A. It injures them more or less, while the amount of the in- 
jzry depends entirely on the strength of the current. A weak 
> current, producing a very small spark, will injure them 80 
‘ slightly as to be only perceived after a long time of use. A 
S stronger current may injure them after a few weeks of constant 
use, while I have used currents so strong as to destroy them by 
one single contact and subsequent separation. This, however, 
was not with the telephone. 

145 x-Q. You say, in answer to cross-interrogatory 138, that 
you had attained your present convictions about the true opera- 
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tions of the Reis transmitter more than two years ago. Just 
when was this; what had been your convictions upon the sub- 
ject previously, and what brought about the change in them? 
A. I couldn’t possibly fix a date. It was like a religious con- 

version; gradual. Formerly I had faith in Hessler, that the 

of the contacts was necessary for the transmission of 
sounds by the Reis transmitters. But, considering that the ad- 
justment of the modern transmitters is such that no separation 
takes place, and that they transmit musical tones as well as 
speech, the idea took hold of my mind that the adaptation of 
any Reis transmitter to the transmission of speech was only a 
question of the proper adjustment. I expressed those doubts to 
some of my friends, and when they agreed with me in those 
doubts, I returned to my own telephone transmitter and found 
that the very adjustment that I had made was eminently adapt- 
ed to secure a constant contact; that, more than this, I had years 
ago been using it often with constant contact, without having 
taken special notice of the fact. I tested it hastily, and was 
soon satisfied that those who in 1869 said that they could hear 
the words were right. 


146 x-Q. When was it that you so tested your transmitters 


in order to find out what support your new convictions might 
have? 

A. About two years ago. Not quite; about a year and a 
half ago. 

147 x-Q. What’ transmitter did you so test, at that time? 

A. It was not so long ago that I tested it. It was immedi- 
ately after I found Exhibit Van der Wedye Transmitter No. 1 
again, as I have previously mentioned, and that is the one that 
I tested, after supplying the membrane and the platinum foil. 

148 x-Q. That was a few months ago, was itt 

A. Yes, sir; it was. 1 

149 x-. And have all your changes in conviction « on this 
subject taken place within the last year or so? 

A. A little over two years, as I stated before. 

150 x-Q. Why do you carry your change back so far as that, 
when your test of Exhibit Van der Weyde Transmitter No. 1, 
to find support for those new convictions, was made only a few 
months ago? 

A. Because it was a theoretical conviction. which would not 
have been shaken if the experiment had failed. My reason for 
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that conviction was strong enough, as I have explained, not to 
be upset by the failure of an experiment, especially one of this 
kind. 


Adjourned till Thursday, March 20, 1884, at 10:30 A. M. 
J. A. WELCH, 
Sp. Examiner. 


New York Ciry, March 2ist, 1884. 
Present—Same counsel for the respective parties as yesterday. 


Cross-examination of PeTreR H. Van DER WEYDE, resumed 
the same having been suspended since March 19th, 1884. 


CrROSS-EXAMINATION BY Mr. ROBERTS: 


151 x-Int. In your answer to cross-interrogatory 112, you 
mentioned two records in existence relating to your exhibition 
at the Cooper Union, January 7th, 1869, one contained in the 
New York “Tribune,” of January 8th, 1869, a copy of which 
you have produced, and the other contained in the published 
Transactions of the American Institute, for May, 1869, which 
you said you would produce. Have you the volume of the 
latter here with you; and, if so, please read what is on the title 
page, state under what general heading the record appears and 
pages on which it is printed? 

A. Ihave the volume here. The title page is, Annual Report 
of the American Institute of the City of New York for the years 
1868 and 1869. Albany. The Argus Co., Printers, 1869.” The 
general title under which the record appears is, Proceedings 


of the Polytechnic Association.” The record is printed on pages 


940 and 941, under date January 7th, 1869. 


Counsel for the respective parties agree that the paper 
now produced is a correct copy of the record referred to 
by the witness, and counsel for complainants put the 
same in evidence, and it is marked Exhibit Van der 
Weyde, Polytechnic Record. 


EVIDENCE FOR DEFENDANTS. 


152 x-Int. Did you prepare this record for — in this 
volume? 

A. I did not, and never do prepare reports of what I say at 
such meetings. The American Institute employed a shorthand 
reporter. 

153 x-Int. Who was Mr. Kirpath, of Troy, New York, men- 
tioned in this report? 

A. He was a mechanic who made the boxes for the trans- 
mitter, and one receiver. He was the German mechanic I have 
previously mentioned. His name is wrongly spelled in this 
record. The name is Kirpal, not Kirpath. 

154 x-Int. In your answer to cross-interrogatory 116, you 
mentioned, besides the article in your paper of May, 1869, one 
other article which you wrote on the subject of the Reis instru- 
mentsfor the ‘‘ Scientific American.” Have you that publi- 
cation here, and will you give its date? 

A. I have that now before me. Its date is March 4th, 1876. 

155 x-Int. I show you a copy of the printed record in the 
case of American Bell Telephone Company against Amos E. 
Dolbear et al., and call your attention to what is printed upon 
pages 614, 615, 616 and two thirds of page 617. entitled, No. 
43, Dr. Van der Weyde’s second article; “ is this the same article 
which was written by you and published in the issue of the 
Scientific American for March 4th, 1876, to which you have 
just referred? 

A. It is. 2 

156 x-Int. In your experiments with the first Reis receiver 
made by you, and the second receiver which contained your 
modifications of the introduction of several wires into the coil 
instead of a single wire, and the fourth receiver which you say 
is Exhibit Van der Weyde Receiver No. 1, which of these three 
receivers did you find best adapted to the reception and repro- 
duction of musical melodies? 

A. I did not make very careful comparative experiments, 80 
I cannot tell to a perfect certainty; but my impression is that 
the second receiver which I made by altering the first and 
which I used at the exhibition in the Polytechnic Association 
referred to, and which contained many wires in place of one 
single rod, gave rather better results than the receiver with the 
single rod; and that what I call my fourth receiver, consisting of 
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a single bar and brass plate, gave the best results; which last 
receiver was also used at the exhibition referred to. 

157 x-Int. I show you a printed copy of an affidavit con- 
tained in the printed record of the American Bell Telephone 
Company against the Overland Telephone Company of New 
Jersey ef al., in the United States Circuit Court, District of 
New Jersey, which affidavit purports to have been made by 
Peter H. Van der Weyde, and sworn to December 10th, 1884 
Please examine this copy and state whether you remember to 
have made and sworn to such an affidavit, and also state 
whether upon reflection you do not remember that the instru- 
ment, Exhibit Van der Weyde Receiver No. 1 was found by 
you to be not so well adapted to the reception of melodies 
as the original Reis receiver? 

A. I remember the time, but I did not draw the affidavit, 
and really do not know with certainty any more, which receiver 
I found the best fifteen years ago. 

158 x-Int. You say you did not draw that affidavit. Did 
you not read it, or was it not read to you before you signed it 
and swore to it? 

A. It was read to me, and the statement made in there 
about the receivers may be the most correct according to my 
belief at that time. 

159 x-Int. Did you. then, believe at the time you made 


and swore to that affidavit that you found Exhibit Van der 


Weyde Receiver No. 1 ‘‘ not so well adapted to the reception of 
melodies as the original Reis receiver?” 

A. It appears so from the affidavit. 

160 x-Int. I am not asking you that exactly. I want to 
know your belief about the matter when you made and swore to 
that affidavit. Did you at that time believe that you found 


Exhibit Van der Weyde Receiver No. 1 not so well adapted to 


the reception of melodies as the original Reis receiver 

A. I decidedly did. And my answer to-day was modified by 
the statement that I am now under an impression, and a 
mere impression, of the results of experiments made fifteen 


years ago. 

161 x-Int. Of what material is the diaphragm made in Ex- 
hibit Van der Weyde Transmitter No. 2? 

A. It appears to be parchment; but I have often changed 
the diaphragms and substituted bladders and soft rubber of vari- 
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ous degrees of thickness, in order to find the most suitable 
material. 

162 x-Int. Can you tell when the parchment diaphragm used 
in this instrument was put into it, or how long it has remained 
there undisturbed as to its fastenings? 

A. I cannot tell. 

163 x-Int. Did it have a parchment diaphragm when you 
took it from your house and put it on exhibition at your office? 

A. I don’t know. , 

164 x-Int. When you have said that this instrument was on 
exhibition at your office, what do you mean precisely by the 
term on exhibition” or ‘* exhibited,” in that connection? 

A. As in my editorial capacity I received many inquiries 
about the telephone, I answered in my paper that the best 
thing I could do for those desirous of information in regard to 
it, would be to show them the original instrument iteelf, and 
for that purpose it would be found in my office, free to the in- 
spection of everybody interested, and many availed themselves 
of the opportunity. 

165 x-Int. Do you remember of what material the diaphragm 
was of this instrument Exhibit Van der Weyde Transmitter No. 
2, on the occasion of your experimenting with it at Cooper 
Union, January 7th, 1869? 

A. I have already stated that I often changed the dia- 
phragms, and, therefore, cannot remember now what particular 
kind of diaphragm I used at any particular occasion. 

166 x-Int. Does your last preceding answer apply as well to 
the instrument Exhibit Van der Weyde Transmitter No. 1, as 
to the Exhibit Van der Weyde Transmitter No. 2? 

A. I have the impression that with No. 1 I have used a rub- 
ber diaphragm; but I am not sure; I will not swear to it. 

167 x-Int. Does your memory serve you well enough to enable 
you to state positively at this distance of time what sort of a 
diaphragm you found best adapted for the transmission of 
musical melodies in those instruments Exhibit Van der Weyde 
Transmitter No. 1 and Exhibit Van der Weyde Transmitter No. 
2, or either of them? 

A. I had a theory that the membrane without pitch of its 
own, like rubber. would produce a more equal transmission of 
tones of different pitch than is the case with parchment or 
stretched bladder, which have a pitch of their own, depending 
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on the tension by which they are stretched. As far as I re- 
member, this theory was not as satisfactorily verified as I ex- 


168 x-Int. You have, in the course of your examination, 
used the term Microphonic contact.” When for the first 
time did you ever hear that expression, or the word Micro- 
phone?” 

A. Ido not remember when. Since some years it has be- 
come a very common habit to call the transmitter the micro 
phone. 

169 x-Int. You first heard those terms some time after you 
learned about the Bell telephone, did you not? 

A. I heard first of it when it was contested whether the 
microphone was an English or an American invention. I be- 
lieve the word was coined in England. In answer to the ques- 
tion directly, I ought to add that it was after Mr. Bell had pat- 
ented his magnetic receiver. 

170 x- Int. After you had heard the microphone spoken of, 
or learned about it through publications or otherwise, did you 
study its construction and mode of operation; and, if so, to 
what extent and when? 

A. I did so, not only from descriptions, but practically from 
various forms of microphones in use, and it was this very study 
which a little over two years ago led me to the firm conviction 
that the original Reis transmitter, when properly adjusted, is 
the real microphone. 

171 x-Int. I show you a copy certified out of the Circuit 
Court of the United States for the Southern District of New 
York, of an affidavit filed in the suit of the American Bell Tele- 
phone Company ef al. against the People’s Telephone Company 
et al., and signed and sworn to by Peter H. Van der Weyde, 
August 9th, 1880. Will you examine it and state whether you 
are the person who signed and swore to the original of which it 
is a copy? 

A. Iam. 


Counsel for complainants puts the copy in evidence, and 
it is marked Exhibit Van der Weyde Affidavit—J. A. W., 
Sp. Examiner. 


172 x-Int. At the time of experiments at the Cooper Union, 
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January ‘th, 1869, were you in the room where the singing was 
listened to or in that where the singing was done? 

A. I was continually moving about from one room to the 
other; but was more frequently and longer occupied with the 
transmitters and battery, because these required most of the 
labor of adjustment, which was next to nothing in regard to 
the receivers. 

173 x-Int. Which of the transmitters and receivers were in 
the room where the meeting of the Polytechnic Association was 
held, and which transmitters and receivers were in the other 
room? 

A. I cannot possibly remember now, but it did in fact not 
make much difference, because many members moved about 
from one room to the other as well asI did, while after the 
meeting was adjourned a considerable number remained, and 
were equally divided in both rooms. 

174 x-Int. How were the instruments placed in each room? 
And when using the transmitters, what was the position of the 
singer at each? 

A. The instruments were placed on a table while the singers 
sat in front of the mouth-piece, but more usually stood in front 
of the mouth-piece and stooped down, so that the voice of the 
singer could enter the mouth-piece, keeping the mouth usually 
at the distance of a few inches from the same, slightly higher 
than the mouth-piece. 

175 x-Int. What were the positions of the listeners with re- 
spect to the receivers when the musival melodies from the trans- 
mitter in the other room were coming through it? 

A. As they had to keep their ears close to the receivers, in 
order to Lear anything at all, they had either to stoop down 
when standing, or to sit down in order to bring their ears at as 
short a distance as possible. 

176 x-Int. How many thus listened simultaneously to the 
same instrument? 

A. Only one, two or three at a time, taking turns from the 
crowd surrounding the table. 

177 x-Int. Did you, yourself, sing into each of the transmit- 
ters on that occasion? 

A. I believe not, as there were plenty of volunteers who were 
anxious to sing, while I am not much of a singer. 
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178 x-Int. What was the character of the singing, as to the 
degree of loudness, as well as you now remember? 

A. It was in an ordinary tone of voice. 

179 x-Int. You mean ordinary tone of a singing voice, I sup- 
pose; do you? 

A. I don’t knoq if the ordinary tone of singing is to be con- 
sidered louder than speaking. As I understand it, all singing 
ought to be about the same loudness as ordinary speaking, and 
that is the loudness I always used in my experiments. 

180 x-Int. Have youany interest, directly or indirectly, in this 
suit, or in any telephone company whose interests are opposed 
to that of the American Bell Telephone Company? 

A. I have not. 


RE-DIRECT EXAMINATION BY Mr. PECKHAM: 


181 Re-d. Int. I call your attention to Exhibit Van der Weyde 
Transmitter No. 2; and will ask you whether at the time of the 
exhibition, January 7th, 1869, there was an adjusting screw 
through the copper strip in the place where there is now a hole 
in the copper strip, in the same way that there is now an ad- 
justing screw through the copper strip in Exhibit Reproduced 
Van der Weyde Transmitter No. 2? 

A. There was; and the exhibit last mentioned is a correct 
reproduction of the condition in which Transmitter No. 2 was 
before it was damaged by the removal of the screw and plat- 
inum strip. 

182 Re-d. Int. Calling your attention to the article in Man- 
ufacturer and Builder” of May, 1869, and to the fact that in the 
drawing in that article designated as Fig. 2, Transmitting Ap- 
aratus, the adjusting screw is not shown, I will ask you if at 
the time you furnished that instrument to the draughtsman, the 
instrument had upon it the adjusting screw? 

A. It had the adjusting screw, but as the standing ring 
around the diaphragm is higher than in the reproduction, and 
as the screw was much shorter than the screw in the reproduc- 
tion, it was not well visible in the position in which the instru- 
ment is represented. 

183 Re-d. Int. Calling your attention to Exhibit Van der 
Weyde Affidavit, please state the circumstances under which 
that affidavit was made? 
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A. Two gentlemen called on me at my office, stating that 
they were the attorneys for Mr. Bell, and wished my opinion, or 
rather information, of what I knew about the priority of the use 
of an iron diaphragm. When I told them that I had used such 
a diaphragm in 1870 and 1871, I heard no more of them for a 
long time. Later, they called again and asked me if I still held 
to the opinion I had expressed before, that the Reis telephone 
could not transmit speech but only musical melodies, and when 
I told them that this was still my opinion, they invited me to 
dinner at Delmonico’s to talk the matter over. They treated 
me very well; so well, indeed, that when riding home by the 
stage, down Broadway, on my return to Brooklyn, I looked up 
to the City Hall clock to ascertain the lateness of the hour; I im- 
agined that I saw the illuminated clock dial twice. This made 
me feel very bad, but I soon found out that [ was not in so bad 
a condition, as one of the two dials was the City Hall clock and 
one was the Tribune clock, which I never before had noticed to- 
gether in the evening. Some time after, the two gentlemen 
named called at my office, and brought with them an affidavit 
they had drawn up according to agreement made before, and 
requested me to sign it. After reading it over, I told them that 
it was rather longer and stronger than I would have written it, 
but as I felt kindly disposed towards them, and as the principal 
points in it were in accordance to the convictions which I then 
held, I would sign it, and so I did. 

184 Re-d. Int. Does the seeing of this affidavit so made at that 
time in any way change or alter the opinion that you have 
expressed upon this examination as to the Reis telephone, and 
your own transmitters and receivers which have been put in 
evidence? 

A. Not at all. I must confess that for many years I, as well 
as so many others, did not understand the true action or opera- 
tion of the Reis transmitter or of its imitations; while, since I 
have learned to understand it better, my conviction has 
been strengthened every day. 

185 Re-x-Int. You do not, even with your present convic- 
tions, mean to say, do you, that the Reis transmitter may not 
be so adjusted as to interrupt the current at each vibration of 
the diaphragm! 

A. It may be so adjusted as to interrupt the current at each 
vibration of the diaphragm, and it is in this respect equal to the 
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Blake transmitter, wilted aes may be adjusted to cause breaks 
by that vibration. 

186 Re-x-Int. And the same is true, is it not, of your own 
transmitters Exhibits Nos. 1 and 2? 

A. Yes, sir. 
. 187 Re-x-Int. Is it not also true that when the Reis transmit- 
ter or each of your transmitters is so adjusted as to interrupt 
the current at each vibration of the diaphragm, it will in that 
condition transmit musical melodies? — 

A. It is so. 


Subscribed and sworn | 


Peter H. VAN DER WEYDE. 


before me this 21st day 
of March, 1884. 
JOSEPH A. WELCH, 
Special Examiner. 


Adjourned till Saturday, March 22, 1884, at 10:30 A. M. 
J. A. WELCH, 
Sp. Examiner. 


New York Crry, March 20th. 1884. 


Present—Same counsel, for the respective parties, as yester- 
day. 


Cross-examination of Prerer H. VAN DER WEYDE sus- 
pended. 


WILLIAM J. GREEN, called and sworn as a witness for the de- 
fendants, testifies as follows: 


1 Int. What is your name, and where do you reside, and 
what is your occupation, and how long have you been such? 

A. My name is William J. Green. I reside in Washington, D. C. 
My occupation is that of an electrician, and I have been such 
fifteen years. 
2. Are you connected with any institution in Washington; 
and if so, what, and in what capacity? 

Am connected with the Smithsonian Institute and National 
Museum, as electrician. My appointment as electrician dates 
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from 1879, and I have done most of the electrical work of the 
Smithsonian for six yeas before 1879. 

3 Int. Did you ever see in the Smithsonian Institute, an ap- 
paratus for telephonic communication, sent there from Paris by 
one Rudolph Köenig, a manufacturer of scientific instruments, 
and, if so, when? 

A. Yes, sir; I have seen such an instrument; some time in 
April, 1881, I first saw it. 

4 Int. Do you know when the instrument referred to was ro- 
ceived at the Smithsonian Institute, and, if so, when was it so 
received, and how do you know it? 

A. I know it was received some time in 1872. I am mistaken 
about that. It was received in October, 1874. I know it from 
looking over the records of the Smithsonian. 


Complainants’ counsel objects to the preceding answer, 
as inadmissible and incompetent. 


5 Int. Have you those records, or a copy of the records, with 
you? 


Complainants’ counsel takes the same objection to this 
question as to the last answer. 


A. I have a copy of the records. 
6 Int. Please produce the copy to which you refer? 


Same objections by complainants. 


A. I do now produce four papers; the first, a copy of a letter 
by Professor Henry, who was then Secretary of the Smith- 
sonian Institute, of date August 8th, 1874, to M. Rudolph 
Köenig: the second the copy of a letter to Professor Henry 
from Rudolph Köenig, dated Paris, October 12, 1874; the third, 
copy of an invoice of goods delivered to the Smithsonian Insti- 
tute by Rudolph Köenig, of date Paris, 9th October, 1874; and 
the fourth, copy from catalogue of scientific material of Ru- 


‘dolph Köenig of August, 1872, page 28. 


Defendants’ counsel offers the said four papers in evi- 
dence, and the same are marked respectively, Exhibits 
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Smithsonian Institute, numbers 1, 2, 3, and 4—J. A. W., 
Sp. Examiner. 

Complainants’ counsel objects to the same, as inad- 
missible and incompetent. 


7 Int. Have you present with you the instrument referred 
to in those papers, or in any of them, of the Reis telephone? 


Same objections by complainants’ counsel. 


A. I have. 

8 Int. Is it the same instrument which you say you saw in 
the Smithsonian Institute; and, if so, did you bring it from the 
Smithsonian Institute, and when! 


Same objections. 


A. It is the same instrument which I saw there; I brought it 
from the Smithsonian on March the eighteenth, this year. 

9 Int. Please produce the same? 

A. I now produce the same, and it is in two parts. 

10 Int. Looking at one of the parts, which we will call the 
transmitter, I call your attention to the figures 29,“ on the 
brass plate by the side of the brass tube, and also to the same 
figures on the part that we will call the receiver, on one end of 
the top of the lower box; and I ask you to what those figures 
refer? 

A. They refer to the catalogue and invoice numbers, as shown 
on the papers just put in evidence. 


Answer objected to by complainants as — 
and incompetent. 


11 Int. I now hand you four photographs, and ask you 
whether they are photographs showing different views of the 
instruments which you have just produced? 

A. Yes, sir; I have. 

12 Int. Were you present when those photographs were 


taken? 
A. I was present when the negatives were taken? 


Defendants’ counsel offers the said four photographs in 
evidence, and the same are marked respectively, Exhibit 
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Smithsonian Reis Transmitter, View 1; Exhibit Smithso- 
nian Reis Transmitter, View 2; Exhibit Smithsonian Reis 
Receiver, View 1; and Exhibit Smithsonian Reis Re- 
ceiver, View 2. 


13 Int. Are there any other telephone instruments in the 
Smithsonian Institute, to your knowledge? 

A. There are telephones in operation there; the Bell instru- 
ments? ‘ 

14 Int. Any other? 

A. Not at present. 

15 Int. Have you ever operated the instrument now produced 
by you; and if so, when, how, where and with what results? 

A. I operated the instrument in the latter part of May, 1881, 
from my room in the National Museum to an adjoining room, 
through a metallic circuit, with fair results. 

16 Int. Please state in detail what you did and how you did 
it, and what were the results; and who, if any one, assisted 
you; and also state the mode of operation of the instrument? 

A. Iconnected the transmitter, by a metallic circuit, to a 
room overhead; in the circuit were two cells of the LeClanche 
battery, and two Bell receivers; conversation was distinctly heard 
through the receivers; there were present my assistant, and H. 
E. Waite and others; I afterwards connected the Reis receiver 
in circuit with the Reis transmitter, and two Grenet cells, and 
heard several sentences through the Reis receivers. 

17 Int. In the first experiment with the Bell receivers, did 
you use the Reis transmitter now produced by yout 

A. I did. 

19 Int. Who was your assistant? 

A. Eugene E. Malone, as employee of the Smithsonian In- 
stitute. 


CROSS-EXAMINATION BY Mr. RoBERTs: 


20 x-Int. Are you the custodian of these Reis instruments in 
the Smithsonian Institute, or have you ever been? 
A. I am the custodian of them. 
21 x-Int. How long is it since they were first in your custody? 
. A. They were put in my custody about four years ago. 
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22 x-Int. But you did not know that fact, did you, until 
some time in April, 1881, when you first saw them? 

A. All the physical apparatus was put under my charge 
“4 some time in 1880, and I knew there was a telephone there, 
= from the invoice, but I did not thoroughly examine the case for 
| any particular instrument until it was inquired for. 

: 23 x-Int. When were these Reis instruments first inquired 
for, after you first had the custody of the physical apparatus, 
: and by whom was such inquiry made! 

| A. A few months after they were in my custody they were 
inquired for by a party, I am not positive as to the name, but I 
think by the name of Buell; being busy at the time I did not 
| look them up; a short time afterwards H. E. Waite inquired for 
them, and I found them in the physical apparatus case. 

24 x-Int. Was this Mr. H. E. Waite the same gentleman as 
M. Henry E. Waite of New York, now present at this examin- 
ation and one of the defendants in this case? 

A. It is the same party. : 

25 x-Int. And he was the gentleman you have named as 
being present at the trials of the Reis instruments, made by you 
at the National Museum in May, 1881, is he? 

A. It is the same party. .- 

26 Int. Do you know of any change made in either of these 
Reis instruments, or any part ur parts renewed in them, up to 
the present time? 

A. About four months ago I renewed the diaphragm of the 
transmitter; also renewed the binding screw holding the platinum 
strip which rests on the diaphragm; with that exception they 
are the same as when they arrived at the Smithsonian. 

27 x-Int. When you say, that with that exception, they are 
the same as when they arrived at the Smithsonian, you speak 
of your own knowledge only as to the time during which they 
have been in your custody. do you not? 

A. I speak of my own knowledge since they have been in my 
custody, and also the jealous care that Professor Henry used in 
keeping all apparatuses in its original condition. 

28 x-Int. What was the occasion for renewing the diaphragm 
and binding screw spoken of? 

A Through the shrinkage of the material the — 
Wen cee hn —— 
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29 x-Int. Is the old diaphragm still in existence, or did you 
destroy it? 

A. It is still in existence and in my custody at the Smithso- 
nian. 
30 x-Int. When the protographs were taken which you have 
produced, the glass cover of the transmitter was out, was it not, 
and used to prop up the instrument when tilted forward, as 
shown in View 1, and was placed leaning up against the rear of 
the box of the instrument, as shown in Vi lew 27 

A. Yes, sir. 

31 xXx Int. How far apart were the rooms in which the trials 
mentioned by you were made in May, 1881. In which of them 
was the Reis transmitter placed; in which the Reis receiver; how 
many Bell magneto telephones did you have there, and in which 
room? 

A. The rooms were about thirty feet apart, in different stor- 
ies; the transmitter was in a room on the second floor, and the 
receiver in a room on the third floor, the rooms being distant 
from each other about thirty feet; the Bell receivers were also 
on the thirdfloor in the same room; there were two of these. 

32 x-Int. How was the Reis transmitter placed in the second 
story room, and how the Reis receiver in the third story room, 
when they both were in the same battery circuit? 

A. The transmitter was sitting on a common table, with the 
battery on the floor below, the wires running through a flue 
made expressly for electric wires, the receiver placed on the win- 
dow sill of the third floor. 

33 x-Int. Did the flue through which these wires run commu- 
nicate with both rooms? 

A. There was an opening in the flue on the second floor, and 
an opening twenty feet above the ceiling on the third floor, 
from which the wire passed through and dropped down to the 
receiver; on reflection, I think the rooms were twenty feet apart 
instead of thirty. What I mean is, that there was twenty feet 
of space between the two instruments. 

34 x-Int. Were the rooms in which these instruments were 
respectively located, one directly above the other? 

A. They were. 

35 x-Int. And the flue through which the wire connecting 
those instruments passed, run perpendicularly up the wall from 
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the lower room to a point above the ceiling of the upper room, 
did it? 

A. It did. 

36 x-Int. How large was that flue? 

A. About six inches square. 

37 x-Int. What were the dimensions of each of these rooms? 

A. Each of them was sixteen feet square; fourteen foot ceil- 
ings; situated in the northwest tower of the National Musuem. 

38 x-Int. Did they occupy the whole width and breadth of 
the tower? 

A. They did. 

39 x-Int. Where was the staircase communicating between 
them! 

A. The entrance to the second floor room was by a balcony 
sixty feet long by twenty feet wide in the main building; oppo- 
site the door of the second story room, in which the experiments 
were tried, a spiral stairway leads to the third story room from 
the balcony. 

40 x-Int. Was the ceiling of this second story room plastered 
or were the stringers bare, and the floor of the third story room 
laid upon them and in sight? 

A. The ceiling of the second floor room was composed of brick 
arches; on top of those arches there is six inches of concrete, on 
which is laid the floor of the third floor room. 

41 x-Int. What is the character of the ceiling of the third 
floor room? 

A. It is the same as the second floor. 

42 x-Int. Through what kind of an aperture were the wires, 
from the top of the flue mentioned, led down through the ceiling 
of the third floor? 

A. They came through an inch hole from the flue through a 
loft over the third story, coming through the ceiling of the room 
through a trap two feet square. : 

43 x-Int. Was the inch hole in the flue the only opening it 
had in the loft above the third story? 

A. It was. 

, 44 x-Int. How much of an opening did that flue have in the 
second story room? 
A. About three inches square. 
45 x-Int. Was the trap two feet square in the ceiling of the 
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third story room covered during these experiments, and if so, 
with what? 

A. To the best of my knowledge it was not covered. 

46 x-Int. Then during these experiments there was an aper- 
ture about three inches square leading out of the second story 
room into a perpendicular flue about six inches square, and an 
inch hole leading out of that flue intoa loft above the third story 
room, and an uncovered trap two feet square open from that 
loft through the ceiling of the third story room; is it so? 


Counsel for defendants object to the form of the inter- 
rogatory, as assuming that the witness has said that the 
trap in the third story room was uncovered. 


A. The holes were open in the second story room and the 
loft; owing to the fact that, before the experiment was tried, 
loud conversation carried on in one room could not be heard in 
the other, we did not think it necessary to close the two feet 
trap in the ceiling of the third story; I am uncertain whether it 
was open or closed. 

47 x-Int. When you tried the Bell magneto telephone with 
the Reis transmiiter, did you have one or two such Bell tele- 
phones in the circuit? 

A. I had two telephones in the circuit. Two Bell magneto 
telephones. 


48 x-Int. Why did you have two such magneto telephones 


in circuit? 

A. A number of persons being there, two could listen at the 
same time. 

49 x-Int. Did you during the experiment use both Bell tele- 
phones, applying one to each ear? 

A. Occasionally I used them both; then again I only used one, 
some one else having the other one. 

50 x-Int. Were you aided any in distinguishing the sounds 
transmitted by using both Bell telephones one to each ear? 

A. Naturally it came stronger by using both telephones, ob- 
structing any noise that was made in the room. 

51 x-Int. How did you communicate with the second story 
room in which the Reis transmitter was located when you want- 
ed to give any directions or make any inquiries? 

A. I had to go up or down the steps into the room. 
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52 x-Int. Couldn’t you just step out of the door of the third 
story room onto the landing of the spiral staircase and call down 
to the balcony below on which the door of the second story room 

? N 

A. If I had done so they would not have heard us on account 
of two doors and the ante- room intervening; while the door of 
the third story room gave out on the landing of the spiral stair- 
case directly; the foot of the stairway on the balcony was eight 
feet from the door leading to the ante-room of the second floor 
room. 

53 x-Int. When you put the Reis receiver in circuit, did you 
continue to have one or both of the Bell magneto telephones in 
circuit? 

A. I took both of the Bell receivers out of the circuit entire. 
ly, also changed the battery from the Le Clanche to the Grenet. 

54 x-Int. Why did you substitute the Grenet battery for the 
Le Clanche battery when you put the Reis receiver in circuit? 

A. The Le Clanche had run down from the use we had givin 
it, and the Grenet being the only handy battery at the time, I 
first put up one cell and found it was not strong enough so I put 
on the two—added another one. 

55 x-Int. What was the capacity of each of the Grenet cells? 

A. About half a gallon I think they held. 

56 x-Int. Were the Bell magneto telephones kept out of 
circuit during all the time of your trials with the Reis transmit- 
ter and Reis receiver. 

A. At one time we put on a Bell receiver; finding the battery 


. current too strong we took it off. I was afraid we would burn 


the small wire on the spool of the Bell instrument. 

57 x-Int. While the Bell magneto receiver was in the same 
circuit with the Reis transmitter and Reis receiver, did you have 
the Bell instrument in your hand while listening at the Reis re- 
ceiver? 


Counsel for the defendar.ts objects to the question as 
assuming that the witness has stated that he had the Bell 
magneto telephone in circuit with the Reis transmitter 
and Reis receiver. 


A. The moment the Bell receiver was put in circuit with the 
two Grenet cells and the Reis transmitter spoken into there was 
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such a racket, I would call it, in the Bell instrument that I im- 
mediately took it off without any trial of either of the receivers 
in the same circuit. | 

58 x-Int. By the expression ‘‘ either of the receivers” in the 
last preceding answer, you mean, do you, either the Reis re- 
ceiver or the Bell receiver? 

A. There was one Bell receiver and one Reis receiver in the 
circuit, and I mean that we tried neither the Bell nor the Reis, 
when they were both in circuit with the two Grenet cells. 

59 x-Int. Did you remain in the third story room during all 
the time of the trial of the Reis receiver in circuit? 

A. I was between the two rooms, off and on, during the trial. 
I used both transmitter and receiver.. 

60 x-Int. When you were at the Reis receiver while it was in 
circuit, during the trial, how did you apply your ear to it? 

A. I sometimes put my ear close to the receiver as it rested 
on the window-sill, and again I would take it in my hand and 
hold it to my ear. 

61 x-Int. How long did these trials of the Reis receiver with 
the Reis transmitter in circuit continue altogether? 

A. About twenty-five or thirty minutes, as the battery got 
weak after that time. 

62 x-Int. How much of this twenty-five or thirty minutes 
were you listening at the Reis receiver? 

A. Altogether, I should think, fifteen minutes. 

63 x-Int. And during all the time of your so listening at the 
Reis receiver, how many words do you think you recognized as 
coming from it? 

A. I remember one sentence distinctly which was, How far 
is it to New York?” and two or three sentences of about the 
same length, which I don’t remember the substance of now. 

64 x-Int. Who were in the room below in presence of the 
transmitter, while you were in the third story room listening to 
the Reis receiver? 

A. H. E. Waite was there, as I recognized his voice in the 
sentence that I have given, How far is it to New York?’ 

65 x-Int. Did you have a stenographer in each room to take 
down all that was said into the Reis transmitter, and all that 
was thought to be heard in the Reis receiver? 

A. There was no stenographer there, sir, to my knowledge. 
66 x-Int. Did any one to your knowledge attempt to take 
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down in writing all that was spoken into the Reis transmitter 
with all the repetitions of thesame words or phrases, or did any- 
body attempt to take down in writing what you or anybody else 
thought was heard proceeding from the Reis receiver on that oc- 
casion? 

A. There was no notes taken at all to my knowledge. 

67 x-Int. Did you see Mr. Henry E. Waite use the Reis trans- 
mitter, on that occasion, while your assistant or some one else 
was in the room above to attend to the Reis receiver? 

A. I did. 

°68 x-Int. How did he use it? 

A. He spoke sometimes in the tube and sometimes took the 
glass from above the diaphragm, and spoke directly upon the 


69 x-Int. Which way of operating it appeared at that time 
to be most satisfactory, so far as you know or were informed? 

A. Speaking in the tube was the most satisfactory until the 
moisture of the breath dampened the diaphragm. 

70 x-Int. With what tone of voice did Mr. Waite speak to 
the Reis transmitter; in an ordinary tone as when he conversed 
with some one, or in a subdued and softened tone? I speak of 
the time when you were with him in the same room? 

A. He spoke in a slightly louder than ordinary tone of voice. 

71 x-Int. Invariably, do you mean? 

A. As a general thing he done so, sir. 

72 x-Int. Where did you speak into the Reis transmitter 
wher you used it on this occasion, and in what tone of voice? 
A. I spoke both in the tube and directly on the diaphragm, 
and in about an ordinary tone of voice. | 

73 x-Int. When you were at the Reis transmitter who was 
up-stairs to listen at the Reis transmitter? 

A. My assistant, Malone, and Henry E. Waite was up there 
occasionally. 

74 x-Int. While the Reis transmitter was used on this occa- 
sion, did you or did Mr. Waite, as far as you observed, so adjust 
and use the instrument as to cause the platinum electrodes to 
part contact at each vibration of the diaphragm and thus 
alternately make and break the electric current, or did you so 
adjust and use it as to prevent the platinum electrodes from so 
parting contact and to prevent the electric current from being so 
made and broken alternately? 


54 EVIDENCE FOR DEFENDANTS. 


A. When we spoke too close to the tube the contact points 
would sometimes break, but by getting the right distance and 
the right tone there would be no break in the contact points, 
and there was nothing done to adjust them that I know of. 

75 x-Int. Well, in using this Reis transmitter on the occasion 
referred to did you and Mr. Waite try to speak in such tones as 
would cause interruptions of the electric current by breaking 
the contact between the platinum electrodes, or did you try to 
speak in such tones as would not cause interruptions of the 
electric current? | 

A. We tried to speak in such tones so as not to break it. 

76 x-Int. Why? 

A. I noticed that it made a rattling in the receivers when the 
current was broken. 

77 x-Int. And did you also notice that speech, or anything 
resembling speech, could not be got at either receiver, by break- 
ing the current in the transmitter? 

A. Speech could not be got when the circuit was broken in 
the transmitter. 


Subscribed and sworn 4 


WILLIAM J. GREEN. 


before me this 20th day 
of March, 1884. 


JOSEPH A. WELCH, 
Special Examiner. 


New Lom Crry, March 20th, 1884. 


The deposition of Freperick M. Virron, being called and 
sworn on behalf of the defendant. 


INTERROGATED BY Mr. Knox: 


1 Int. What is your name, age, residence and present occu- 
pation? 

A. My name is Frederick M. Vietor; my age is 36; my resi- 
dence is Lawrence, Mass., and my occupation is dealer in flour 
and grain. , 

2 Int. How long have you resided in the United States, and 
where did you reside previous to coming to the United States? 
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A. I lived in the United States since 1867, about seventeen 
years. Before that I lived in Germany. 

3 Int. At what place in Germany did you live just previous 
to coming to the United States? 

A. I lived two years in Aix-la-Chapelle. 

4 Int. Where did you reside in Germany previous to your 
residing at Aix-la-Chapelle? 

A. I lived three years at Hersfeld in the former Principality 
of Hesse-Cassel. 

5 Int. Were you at any time a pupil at the Garnier Institute 
at Friederichsdorf? If so, at what year did you so become a 
pupil, and what was your age at that date? 

A. I was a pupil at that Institute for a year and a half. I 
went there in the spring of 1861, when I was fourteen years 
old. 

6 Int. While a pupil at that institute did you engage in the 
study of the natural sciences? If so, who was your instructor? 

A. I did engage in those studies and my instructor was 
Philipp Reis. 

7 Int. What class did you enter when you first so became a 
pupil, and whether or not it was one of the more advanced 
classes? 

A. I entered in the third class, the third from the top; 
counting the first class the highest. 

8 Int. Do you remember the names of any of the instructors 
of that institute while you were there, or the names of any of 
your fellow pupils; if so, please state such as you remember? 


? Objected to as immaterial. 


A. Professor Schenk was the head of the Institute at that 
time; another instructor’s name was Henry Hold, another 
instructor was Meunier, a Frenchman, Grossin and others-— 
Peter, an instructor in music; there was amongst the pupils 
two brothers named Mossel; one was Rudolph, the other’s first 
name I have forgotten; then there was Johnson Bergmann and 
others. I remember more—Ernst Horkheimer. 

9 Int. Did you, at any time while you were a pupil at this 
Institute, come under the instructions of said Philipp Reis upon 
the branches of acoustics, light and electricity and magnetism; 
if so, at what time was it? 
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A. I think it was in the last term that we took up those 
branches. 

10 Int. During said last mentioned time, did you receive 
from said Reis any instruction upon the subject of the trans- 
mission of souni by the galvanic current, and did said Reis 
perform any experiment or experiments illustrating his in- 
structions. 

Objected to as immaterial, inadmissible and incompe- 
tent. 

A. Icouldn’t say that we received any great amount of 


instruction upon the transmission of sound by electricity, but 
Mr. Reis invited the class one day when he was speaking to us 


about sound and electricity to call at his house to examine a 


device which he had constructed for the transmission of sound 
through the galvanic current. 

11 Int. Will you now give me the time in the year as near as 
you can when your class received this invitation from Reis? 


Same objections. 


A. It must have been in the early fall of 1862. 

12 Int. In consequence of this invitation did the class of 
which you was a member go anywhere and did you go with 
them; if so, where did you go, what day did you go and what 
time in the day? 


Same objection. 


A. The class, myself amongst them, went some week day 
evening, the date I cannot fix, to Mr. Reis’ house, about half a 
mile distant from the Institute building on the same side of the 
street 

13 Int. Describe the place to which you went, generally, and 
what you saw there? 


Same objection—the existence of any device, instru- 
ment or contrivance in a foreign country not being 
legitimate matter of defense to a patent granted by the 
United States. 


. 4 


two ends of the wire resting on a box. Mr. Reis then explained 
to us that the words or sounds spoken into the instrument 
resembling the ear at the other end would be carried by the 
electricity to this box, which I suppose is called a receiver 
now—which was not called anything then—and there be heard 
a 


Mr. Reis had left his brother-in-law at the other end, and 
he told us to be quiet, he gave as I supposed a signal — 
brother-in-law; and 


Counsel for complainants makes additional objection 
to those portions of the answer purporting to give state- 
ments of Mr. Reis as inadmissible and incompetent. 

14 Int. Did you make any particular examination of the 
instruments used on that occasion? 

Same objections. 

A. I don’t remember that I did. 


15 Int. You spoke of hearing plainly some singing trans- 


mitted; did you recognize any melody or song transmitted upon 
that occasion; if so, please state what you recognized fully? 


Same objections. 
A. We heard, I amongst them, the popular melody trans- 
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mitted which, as we recognized it, made us smile; it being the 
beginning of a soldier’s song having reference to the corps in 
which Mr. Reis has served. 

16 Int. Do you remember whether you got any of the words 
of the song at that time? 


Same objections, and also as leading. 


A. I could not distinctly state now whether we recognized 
the song by the music or by the words. 

17 Int. Did you follow or make any examination of the 
wires to see how they were connected? 


Same objections. - 


A. I suppose we did, but I have forgotten. 
18 Int. Were you ever present at any other similar experi- 
ment? 


Same objections. 
A. This was the only experiment that I witnessed. 
CROSS-EXAMINATION BY Mr. ROBERTS: 


Counsel for complainants, while insisting upon the ob- 
jections taken to the direct examination of the witness 
and signifying his intention to move the Court at proper 
time to expunge the deposition from the record, asks the 
following cross-interrogatories de bene esse: 

19 x-Int. It is now about twenty. one years I suppose since 
you left the Garnier Institute; how is it? 
A. It is now about twenty-one and a half—not quite twenty- 
two. : 

20 x-Int. When for the first time since then was your atten- 
tion called to this subject about which you have testified in your 
direct examination? — 

A. When the first Bell telephones were put into use. 
21 x-Int. When were you first spoken to about testifying 


„ 


DEPOSITION OF FREDERICK M. VIETOR. 59 


as to what you remember to have seen done or exhibited by 
Philipp Reis while you were at the Garnier Institute? 

-A. Mr. Knox I suppose heard from some of my acquaint- 
ances the fact which I had expressed about seeing the first tele- 
phone, and asked me to make deposition to that effect in the fall 
of 1883. 

22 x-Int. Have you ever been shown any recent publications 
on the subject of Philipp Reis and his telephone? : 

A. I have. 

23 x-Int. What publication? 

A. I couldn’t tell the author’s name; I’ve seen the book in 
the office here to-day. 

24 x-Int. Have you read it or any part of it? 

A. I have glanced over it. 

25 x-Int. And have seen the pictures in it, I suppose; is it 
so? 

A. Some of them. 

26 x-Int. Did you never examine this publication before you 
saw it in this office? 

A. I have seen it before. 

27 x-Int. Where and how long did you examine it? 

A. I saw it in Mr. Knox’s possession in Lawrence, looked it 
over hastily; I did have it in my possession; Mr. Knox left 
it with me over night one time last fall; I have seen more of it 
to-day than I did then. 


Subscribed and sworn to this 
20th day of March, 1884, 
before me. 


FREDERICK M. Vn ron. 


JosEPH A. WELCH, 
Special Examiner. 


Adjourned till Friday, March 21, 1884, at half-past ten A. M. 


March 20, 1884. 
J. A. WELCH, 
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New York Crrr, March 22, 1884, „ 
10:30 A. M. 


Present — The same counsel for the respective parties as yes- 
terday. 


The deposition of DuDLEY BLANCHARD, a witness called and 
sworn on the part of the defendants, taken pursuant to Rule 67, 
as amended, of the Supreme Court of the United States, before 
me, 

J. A. WELCH, 
Special Examiner. 


1 Int. What is your name, age, residence and occupation? 

A. My name is Dudley Blanchard; my age is sixty-two; my 
residence is Greenpoint, Long Island; my occupation is that of 
an architect, but I am mostly out of practice in that line; I 
build bridges, and am especially engaged now in building turn- 
tables for bridges. 

2 Int. Do you know Dr. Vahder Weyde, who has been on 
the stand for some days; and if so, how long have you known 
him? 

A. I do know him; I have known him nineteen years, or 
twenty. 

3 Int. Do you remember being present at the Polytechnic 
section of the American Institute, in Room 24 at the Cooper 
Union, on the 7th of January, 1869, when Dr. Van der Weyde 
exhibited certain instruments? 

A. I remember being present when Dr. Van der Weyde ex- 
hibited his instruments, but do not iemember the exact date? It 
was at Room 24 of the Cooper Union. 

4 Int. If you remember, please state what were the instru- 
ments that he exhibited? 

A. They were the instruments which he has shown here or 
similar instruments; I refer to this instrument (pointing out 
Ex. Van der Weyde Transmitter No. 1’). and to this instru- 
ment (pointing out Ex. Van der Weyde Receiver No. 1°”); I 
don’t remember seeing but two instruments; one was a trans- 
mitter, and the other was a receiver. 

5 Int. Please state the date or time of this event, as nearly as 
you can? 
A. It was in the latter part of the sixties, between the 
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first of May, 1866, and the first of May, 1869; that is as near as 
I can remember it with certainty. 

6 Int. Where was the transmitting instrument, and where 
was the receiving instrument? 

A. They were standing upon the table in the room; the table 
stood upon a platform erected in the room for speaking pur- 


poses. 

7 Int. Were both instruments in the same room? 

A. Both instruments that I saw were in the same room. 

8 Int. Do you know whether the instruments which you saw 
were connected with any other instrument; and if so, in what 
way! f 

A. There were wires leading from the instruments and pass- 
ing out of the door; that is all that I know about it, positively. 

9 Int. What do you know with respect to the operation of 
the instruments? If anything, please state what you saw and 
heard. 

A. Well, I saw nothing except people singing and a gentle- 
man performing upon a violin; I heard, by listening at the re- 
ceiver, the tones of the violin dimly, faintly; I took it to be a 
violin; I heard also a tune, or a part of a tune sung by some per- 
son, and heard the words faintly, but still distinctly. 

10 Int. Please state the position of those whom you saw 
singing or playing the violin, with reference to the transmitter 
which was in your presence? 

A. I believe they got as near to it as convenient; I don’t re- 
member exactly about that. 

11 Int. Do you remember their position with reference to the 
spout of the transmitter: 


A. Not definitely; they placed their mouths in proximity to - 


the spout, some farther and some less, within three or four 
inches—some perhaps close down. 

12 Int. Was there any singing or playing in the room in 
which you were at the time when you were listening at the re- 
ceiver? 

A. There was not. 


Cross-EX AMINED BY Mr. ROBERT: 
13 x-Int. Have you been here present during the examina- 
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tion and cross- examination of Dr. Van der Weyde on the 1%th, 
18th, 19th and 21ft of this month? 

A. Most of the time. 

14 x-Int. When were you first spoken to about attending 
here as a witness, to testify upon the subject which you have 

recited in your direct examination? 

A. About four or five weeks ago last Thusday evening Dr. 
Van der Weyde made a public enquiry at a meeting of the 
Polytechnic Association of the American Institute, if there was 
any present who remembered his exhibition of the telephone; 
I told him I remembered it. 

15 x-Int. Did Dr. Van der Weyde at that time state his re- 
memberances of what took place at his former exhibition refer- 
red to? 

A. I don't exactly remember whether he did at that time or 
not; he never did say much about it, but he did say some things 
subsequently. 

16 x-Int. Did he have any of his instruments there which you 
have seen him produce here in evidence? I refer to the time 
when he made the public enquiry four or five weeks ago last 
Thursday evening. 

A. No. 

17 x-Int. When before that time of his public enquiry had 
you brought to mind the occasion of the exhibition of his tele- 
phone in the sixties? 

A. I cannot distinctly remember; Dr. Van der Weyde has 
spoken in the Polytechnic Association concerning telephones 
and his claim in the premises a good many times since his ex- 
hibition, but I cannot remember distinctly any particular date. 

18 x-Int. What have you heard him say about his claims in 
the premises of these meetings of the Polytechnic Association? 


Objected to as incompetent. 


A. Generally, and in substance, that he was one of the first 
to study and investigate the subject in this country. 

19 x-Int. Have you had occasion to use the electric speaking 
telephone since its introduction by the American Bell Telephone 
Company and its predecessors, owners of the patents, to Alexan- 
der G. Bell? 

A. I have had occasion to use it more or less frequently, but 
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am so poor a performer that I usually get others to speak for 
me. . 
20 x-Int. Do you find that you have any difficulty in hearing 
what is said through these Bell telephoues? 

A. Ihad better success in hearing than speaking, but have 
had difficulty in hearing. 

21 x-Int. Do you think you ever had in mind what took 
place at Dr. Van der Weyde’s exhibition referred to in the six- 
ties, until after the Bell telephone had gone into commercial 
use? 

A. The subject was one of frequent comment and conversa- 
tion. I cannot say how many times I have heard it mentioned, 
but comparatively frequently from the time of Dr. Van der 
Weyde’s exhibition. I heard of it incidentally before Dr. Van 
der Weyde's exhibition, either from him or some other person. 

22 x-Int. Did what you saw and heard at Dr. Van der 
Weyde’s exhibition in the sixties take place during the meeting 
of the Polytechnic Association on that occasion, and before its 
adjournment? 

A. I don't remember definitely about any adjournment. It 
was an exhibition which could not proceed with parliamentary 
decorum; therefore the meeting was thrown somewhat into con- 
fusion, and I remember nothing about the adjournment. 

23 X- Int. I show you a copy of the Manufacturer and Build- 
er” for May, 1869, and call your attention to the wood cuts there- 
in entitled Fig. 2, Transmitting Apparatus,” and Fig. 3, the 
Receiver.” Do you remember to have seen this number of that 

? 


A. I have no distinct recollection of seeing it. 18 


did see it, because I read the paper regularly. 

24 x-Int. Bo yeu new — — in 
struments exhibited by Dr. Van der Weyde on the occasion ro- 
ferred to by you in the sixties a transmitter and receiver like 
those shown in Fig. 2” and Fig. 3,” respectively, in this 
publication? 

A. No, sir; I believe the two I saw were something similar 
to these here (pointing out Exhibit Van der Weyde Transmitter 
No. 1 and Exhibit Van der Weyde Receiver No. 1). I may pos- 
sibly be mistaken. I said I saw only two. There were proba- 
bly four; two in another room, which I didn’t see. 

25 x-Int. You say that you heard a tune, or part of a tune, 


; 
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sung by some person, while you were listening at the receiver? 
Can you, at this distance of time, remember what that tune, or 
part of atune, was? 

A. Yes, I remember very distinctly. It was a part of the 
chorus of Yankee Doodle. 

26 x-Int. What are the words belonging to that part of the 
chorus of Yankee Doodle to which you refer? 

A. Mortar pestle pound you,” were the words which I 
heard. The whole chorus is Corn stalks twist your hair, cart 
wheels run around, great dragon draw you up, and mcrtar pestle 
pound you.” 

27 x-Int. How long had you been at that time familiar with 
the tune of Yankee Doodle and with the words of the chorus 
which you have quoted? 

A. Forty years, more or less. 


Re-DIREcT BY Mr. PECKHAN: 


28 Re-d. Int. Did you at that time have any discussion with 
Dr. Van der Weyde as to whether the instrument transmitted 


speech? 
Objected to as inadmissible and incompetent. 


A. Yes; domething passed between us about it. The doctor 
was very positive and dogmatic about it, and I did not argue 
it much with him. That is to say, he maintained it was impos- 
sible; that articulate sounds could not be produced or repro- 
duced by artificial means? 

29 Re-d. Int. What statement did you make to him, which 
lead to that assertion on his part? 


Same objection by complainants. 


A. I told him I heard the words as well as the tune. | 

30 Re-d. Int. Were you present at any other exhibition. by 
Dr. Van der Weyde than this; I mean of the telephone? 

A. I don’t distinctly remember of Dr. Van der Weyde’s ex- 
hibiting any telephone instruments there at any other time. 


DEPOSITION OF JOHN R. HUDSOK. 
CROSS-EXAMINATION RESUMED: 


31 Int. When you heard the chorus, or the part of the 


chorus, of Yankee Doodle, as mentioned, what was your position 
with relation to the receiver from which you heard the sounds 


A. I had my ear pretty near to it. I can’t say exactly how 
DUDLEY BLANCHARD, 


far; two or three inches perhaps. 


Subscribed and sworn to) 
before me this 22d day 
of March, 1884. f 
JOSEPH A. WELCH, 
Special Examiner. 


New Ton Ciry, March 22, 1884. 


The deposition of Jom R. Hupsox, a witness called and 
sworn on the part of the defendants, taken before me, 
J. A. WELCH, 


INTERROGATED BY Mr. KEASBY: 


1 Int. What is your name, age, residence and occupation? 

A. My name is John R. Hudson; I reside at 310 East Thir- 
teenth street, in the City of New York; my age is 72 years; I 
have no occupation at present. 

2 Int. Are you acquainted with Dr. P. H. Van der Weyde, 
and how long have you known him? 

A. Lam; and I should think it is about fifteen or sixteen 
years. 

3 Int. Have you known the nature of his pursuits generally 
during that time? 

A. I know that he is a scientist and editor. 

4 Int. Do you remember having been present at a meeting of 
the Polytechnic section of the American Institute, at which Dr. 
Van der Weyde made an exhibition of instruments for transmit- 
ting sound by means of electricity? 

A. Ido. 
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5 Int. Can you tell how long ago it was? 

A. I da not recollect the day. It was many years ago. 

6 Int. Do you recollect the season of the year? 

A. I do not. 

7 Int. Were you present at more than one such exhibition? 

A. I was not. 

8 Int. Can you state how the instruments exhibited were 
placed? 

A. They were placed on a table on a platform. 

9 Int. What instruments were placed on that table, and what 
connections were made, so far as you could observe? 

A. I could not describe them, but I saw wires leading front 
the instruments through the top of the door—I should say 
through the ventilator over the door. 

10 Int. Were the instruments explained by Dr. Van der 
Weyde? 

A. I do not recollect any explanation. 

11 Int. What was done with the instruments in your pres- 
ence, and what did you see and hear? 

A. I do not recollect anything being done with them, but I 
recollect hearing a familiar tune proceeding from one of them. 

12 Int. Do you know where the other or transmitting instru- 
ment was, and how the tunes were sent? 

A. I do not. 

13 Int. Was the company informed at the time? 

A. They were. 

14 Int. By whom? 

A. Dr. Van der Weyde. 

15 Int. What information was given by him as to the source 
of the sound which you heard? 

A. He said the instruments were in the next room, and there 
was some person there singing. 

16 Int. How many tunes do you remember hearing? 

A. I think there were two, as I recollect. 

17 Int. Could you recognize the sounds which you heard as 
proceeding from the human voice! 

A. I Could. 

18 Int. Do you remember other persons who were there? 

A. Ido not. 

19 Int. Do you remember Mr. Finnell being theret 
A. I do not. 
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20 Int. Do you remember how long the exhibition and expla- 
nations lasted? 

A. Well, I should judge about an hour. 

21 Int. Do you recognize on the table here any of the instru- 
ments which you saw at that time? 

A. I do not. 

22 Int. Can you recall at all the form of the instruments 
which you saw? 

A. This instrument (pointing to Exhibit Van der Weyde 
Transmitter No. 1) looks to me familiar, as though I saw it 
at the time. The receiving one I do not recognize. 


CROSS-EXAMINED BY Mr. ROBERTS: 


23 x-Int. What was your former occupation or profession! 

A. Manufacturer of jewelry. 

24 x-Int. Were you a member of the Polytechnic Association 
at the time of Dr. Van der Weyde’s exhibition? 

A. There are no members. I was a frequent attendant there, 
being a member of the American Institute. 

25 x-Int. When, since the occasion of that exhibition, was 
your attention first called again to what then took place: 

A. Ata meeting of the Polytechnic, six or seven weeks ago, 
I should think; I can’t tell exactly. 

26 x-Int. What called your attention to it at that time? 

A. Dr. Van der Weyde asked if there was any one then 
present who was present when he before exhibited the instru- 
ments. 

37 x- Int. Have you attended here from day to day, while 
Dr. Van der Weyde has been testifying during this week, and 
did you hear the testimony of Dudley Blanchard, the last pre- 
ceding witness? 

A. I have, and I did. 

28 x-Int. You say that on the occasion of Dr. Vander Weyde’s 
exhibition you recollect hearing a familiar tune proceeding from 
one of the instruments? Do you remember now what that tune 
was! 

A. Ido not. 

29 x-Int. Do you reme mber how you were placed with ref. 
erence to the instrument, when you heard that tune proceeding 
from it? 

A. I was seated directly in front of it, within eight or nine 
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— — —ͤ — back, or in the third 
w, from the table on which was the instrument. 
Jom R. Hupsox. 

Sworn to before me this 20d 
day of March, 1884, be- 
fore me. 0 

JOSEPH A. WELCH, 

Special Examiner. 


New York Crry, March 22, 1884. 


The deposition of BENJAMIN FIXNELL, a witness called and 
sworn on behalf of the defendants, taken pursuant to Rule 67 
of the Supreme Court of the United States, as amended, before 
me. ° 


J. A. WELCH, 
Special Examiner. 


EXAMINED BY Mr. PECKHAM: 


1 Int. What is your name, residence and occupation? 

A. My name is Benjamin P. Finnell; my age is 51; my resi- 
dence is 123 Bleecker street, New York City; my occupation is 
that of a stenographer. 


2 Int. Were you a stenographer in 1869? 
A. I was. 


3 Int. Do you know Peter H. Van der Weyde; and, if yea, 
how long have you known him? 

A. I have known him about twenty years? 

4 Int. Do you remember being present at the Cooper Union 
at a meeting of the Polytechnic section of the American Institute 
at which Dr. Van der Weyde exhibited certain instruments for 
the transmission of sound by electricity? If so, please state 
when it was, as near as you can. 

A. From my report made at that time, I find it is January 
ith, 1869. I do not remember being present. 

5 Int. In what room were you? 

A. In room 24, Cooper Union building. 

6 Int. What instruments, if any, did you see there? 

A. I saw three. 

7 Int. Please describe them? 
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A. One was this instrument here (pointing out Exhibit Van 
der Weyde Receiver No. 1), and another was that one (pointing 
out Exhibit Van der Weyde Transmitter No. 1), and the third 
was similar to this (pointing out Exhibit Reproduced Van der 
Weyde Receiver No. 2). 

8 Int. What was your function at this meeting? 

A. I was the official stenographer of the Polytechnic section 
of the American Institute. 

9 Int. Please state what was done at that meeting with the 
instruments there present so far as you saw or heard? 

A. These instruments were on a table on a platform, and Dr. 
Van der Weyde explained them to the audience, and then con- 
nected the receiver, by wires, with the transmitter in room 23, 
adjoining. Then persons in room 23 sang songs through the 
transmitter. The receiving instrument was placed on my table, 
and I heard singing by persons in the other room, the room 23. 

10 Int. Did you distinguish the sounds as those of the human 
voice? 

A. Icould; I did. 

11 Int. Could you, and did you, distinguish any words? 

A. I did. 

12 Int. What song did you hear? 

A. Iheard but one song. It was “‘ Auld Lang Syne; two or 
three lines of it. 

13 Int. In what receiver did you hear the song? 

A. It would seem to be this one here (pointing out Exhibit 
Van der Weyde No. 1). 

14 Int. Did you go into the other room where the instruments 
were? 

A. I did not. 

15 Int. How many persons were in the room where you. were? 

A. About from eighty to ninety. 

16 Int. What did Dr. Van der Weyde say in explaining the 
instruments and their operation? 

A. Ido not now recollect, but I made up my report from what 
he said then, which is published in the transactions of the 
American Institute. 

17 Int. — a hana any other paper; 
and if so, what? 

———— — — of furnishing stips of the 
proceedings to the Associated Press. 
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18 Int. Was the whole of your report published in any of 
those publications? 

A. I think not; I only furnished a mere outline of the pro- 
ceedings to the press; no details. 

19 Int. Was the whole of your report published in the trans- 
actions of the American Institute? 

A. No, sir; it was not. I was in the habit of the next day 
reading over my account of the proceedings of the night before 
to Professor Tillman, who had charge of compiling the transac- 
tions, and he would select whatever suited him, to go into the 
transactions. 

20 Int. Do you kncw what became of your report? 

A. I do not. 

21 Int. How long did this meeting last? 

A. The entire meeting was about three hours. 

22 Int. Do you remember any adjournment of the meeting 
and anything being done thereafter? 

A. Ido. After the adjournment we went into the Room 23 
and saw the transmitting instrument on the table there. 

23 Int. Well, did 2 take place in that room, and if 
so, wnat? 

A. Dr. Van der Weyde further explained his instrument. 

24 Int. Did you see or hear any more experiments? 

A. I did net. | 

25 Int. Is the instrument, Exhibit Van der Weyde Receiver 
No. 1, the only one from * you heard the sound? 

A. I think it was. 


CrROSS-EXAMINED BY Mr. ROBERTS: 


26 x Int. How far were you sitting from that receiving in- 
strument when you heard the sounds coming through it? 

A. About five or six inches. 

27 X- Int. Were you sitting upright at the table with your 
stenographic notes before you, or were you leaning down toward 
the instrument with your ear five or six inches from it? 

A. I was leaning my head down towards the instrument, five 
or six inches from it. 

28 x-Int. I show you the copy of the Annual Report of the 
American Institute of the City of New York for the years 1868 
and 1869.” Is the report printed in this volume, entitled The 
Telephone,“ upon pages 940 and 941, your report of what took 
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place at the meeting of the Polytechnic Association, January 
ith, 1869, relating to what Dr. Van der Weyde had exhibited on 
that occasion? 

A. I might say it was rather extracts from my report. I 
made a much fuller report than is there. 

29 x-Int. You have said that the meeting lasted about three 
hours. It was taken up mostly, was it not, with other matters, 
the report of which covers more than seven printed pages of the 
volume of reports just shown you? 

A. Yes, sir. 

30 X- Int. Do you remember to have seen the instrument Ex- 
hibit Van der Weyde Transmitter No. 2 on that occasion? 

A. Ido not remember having seen it, as it was on a different 
table from what I was writing before being brought into the 
other room. 

31 x-Int. Have you been present during the examination of 
Dr. Van der Weyde this week, and also during the examination 
of Dudley Blanchard and John R. Hudson to-day? ; 

A. Partly so, in regard to Dr. Van der Weyde, and wholly 
with regard to Mr. Blanchard and Mr. Hudson. 

32 x-Int. When and how was this subject of which you have 
testified first brought to your mind again since the occurrence of 
the exhibition mentioned? 

A. In the latter part of December, 1883, Dr. Van der Weyde 
enquired, at a meeting of the Polytechnic Association, if there 
was any present who remembered his exhibiting those telephone 
instruments many years ago. 

33 x-Int. What was Professor Tillman’s full name, and do 
you remember whether he was present at the meeting of Janu- 
ary 7, 1869, when Dr. Van der Weyde exhibited his telephone? 

A. His name was Samuel Dyer Tillman. He was chairman 
of the Polytechnic section, and was present at that meeting. 

34 x-Int. And it was he who prepared from your notes the 
report published in the transactions of the American Institute 
just now referred to, was it? 

A. Yes, sir. . He is now dead. 


Subscribed and sworn "| 
y 
ELCH, 


BENJAMIN P. FIXNELL. 
before me = 22d da 
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New York Crrr, March 22d, 1884. 


The deposition of ALBERT H. HA ren, a witness called and sworn 
on behalf of the defendants, taken pursuant to the Sixty-seventh 
Rule of the Supreme Court of the United States, as amended, 
before me. | 

JOSEPH A. WELCH, 
Special Examiner. 


1 Int. What is your name, age, residence and occupation? 

A. Albert H. Hatch. I live in this city. My age is 48. I 
am a manufacturer and dealer in provisions. 

2 Int. Do you know Dr. Van der Weyde, and if so, how long 
have you known him? 

A. Ido know him, and have known him for upwards of 
twenty years. 

3 Int. Were you present at a meeting of the Polytechnic sec- 
tion of the American Institute, January 7th, 1869, when Dr. Van 
der Weyde exhibited certain electric instruments for the trans- 
mission of sound? 

A. I was present on that occasion. 3 

4 Int. Where was it, and in which room were you? 

A. It was in the Cooper Union Building, in two rooms; I was 
in both of them; or at least the Polytechnic was in one of them, 
Room 24. 

5 Int. Did you see any instruments there, and if so, describe 
them? 

A. I saw several instruments, but can describe minutely but 


two. One was termed a transmitter, the other a receiver. I 1 


believe this, and this instrument to be the ones which I saw 
there, of which I have a distinct recollection (pointing out Ex- 
hibits Van der Weyde Transmitter No. 1, and Van der Weyde 
Receiver No. 1). 

6 Int. Were those instruments connected to wires, and if so, 
state how? 

A. While Professor Van der Weyde was explaining them, 
they were disconnected; he held them in his hand. Subsequent- 
ly they were connected by a wire, or wires, extending through 
the transom lights over the doors, from one room to the other. 

7 Int. Did the Professor state where those wires ran and to 


what they were connected, and in what way they operated; and 


if so, state what he said? 


| 
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310 A. He did state where they ran and how they were eon“ 

nected, and he made a full explanation of the operation of 
the instruments. He said they were operated by electricity; ex- 
plained the battery. 

8 Int. Did you listen at the receiver, and, if so, what did you hear, 
if anything? 

A. I listened at the receiver and talked or sang into the transmit- 
ter. This was after the adjournment of the association—the club. 
And I heard a strain of the old plantation song, “The Old Folks at 
Home;” I recollect hearing. “Way down upon the Swanee River.” 
That is all I remember. 

9 Int. Do you remember hearing any other words, while you may 
not remember what the words were? 

A. I heard other words, but cannot recall them. 

10 Int. After the adjournment of the association about how many 
persons remained in the room? 

A. Six or eight, to my best recollection. 


Cross-examination by Mr RoBerts: 


11 X Int. When, for the first time since that exhibition, was your 
attention again called to what took place at that time? 

A. I was present at a meeting of the Polytethnic some time during 
last December, when the present chairman of the club repeated a 

uest of Dr. Van der Weyde, made on the previous evening of the 

club meeting, that if there was any one present who heard his lec- 
ture on the telephone years previous, that they would have the kind- 
ness to communicate with him. On the following day I sent him a 
note, stating that I was present. | 

12 X Int. How soon after that did you see the instruments, Ex- 
hibit Van der Weyde Transmitter No. 1 and Exhibit Van der Weyde 
Receiver No. 1, and where? 

A. Two or three days after I sent the note Dr. Van der Weyde 
called on me at my place of business, and, showing me the transmit- 
ter No. 1 and receiver No. I, asked if I remembered ever having seen 


them before. I told him I had seen then: before, and at his lecture 


years previous. 
13 X Int. Have you since then seen these instruments connected 


up with a battery and tried? 
A. I have not. 

311 14 X Int. Or any duplicate of them ? 
A. Not any. 


15 X Int. At the time you heard the strain of the familiar song 
you have mentioned coming from the receiver what was your posi- 
tion with respect to that instrument? 

A. The receiver was placed upon a table which stood upon a plat- 
form, while I stood upon the floor, and held my ear in close prox- 
imity to the diaphragm. | 

16 X Int. Have you been present here this week during the ex- 
— of Dr. Van der Weyde, and, if so, how much of the 
time 


a. 


ay Am 


spenking into the one instrument a membrane was vibrated, by 
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A. I have been present every day this week part of the time, but 
I am unable to state the proportion during the examination. 


Redirect by Mr. PeckHam: 


17 Re-D. Q. Did you hear more than one air or tune, and, if so, 
name as many others as you can? 


A. I heard several others, but cannot 2 their names. 
ALBERT H. HATCH. 


Subscribed and sworn to this 22d day of March, 1884, before me. 
JOSEPH A. WELCH, 


Special Examiner. 
Adjourned, by consent of counsel, till May 12th, 1884. 
288 4 = A. WELCH, 
Special Examiner. 
311 29 Watt Street, New York, May 12, 1884. 


J. A. W., Sp. Exam’r. 


The deposition of Nicholas JoHANNSEN, a witness called and 
sworn on the part of the defendants. 


Examined by Mr. Knox: 


Int. 1. What is name, age, residence, and occupation? 

Ans. Nicholas Johannsen is my name; thirty-nine years of age : 
I reside in Brooklyn, New York; I am a clerk. 

Int. 2. Do you know Peter A. Van der Wevde; and, if yes, how 
long have you known him? 

— — him — or — years. 1 

nt. you remem ing present at the Cooper Union, at a 
meeting of the Polytechnic Section of the American Institute, at 
which Dr. Van der Weyde exhibited certain instruments for the 
transmission of sound by electricity? tegen 

Ans. Yes, sir. 

Int. 4. In what room were you? 

Ans. I was in both rooms at different times, as well in the room 
where the transmitter was exhibited, and afterwards in the room 
where the receiving instrument was placed. 

Int. 5. If you saw any such instruments there exhibited by Dr. Van 
der Weyde, please describe as nearly as you can, and state what you 
did with reference to them, or with them, or what you observed or 
heard, if anything. 

Ans. I do not remember about the construction of the apparatus, 

but substantially know that in the one room there was an 
3116 instrument for receiving sounds, and in the other room an 
instrument for making this sound audible at that place, both 
instruments being connected with each other in electric circuit. On 
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which vibrations the electric current was affected in such a way the 
corresponding sounds were reproduced in the instrument in the 
other room by acting upon the membrane contained in that instru- 
ment. I saw people talking into the one instrument, and heard 
other le standing near the other instrument saying that they 
could hear and distinguish the sound in that other instrument. 

Counsel for complainants objects to the latter part of the answer 


in which the witness assumes to state what he heard other people 
say as inadmissible and incompetent. 


Int. 6. Did you yourself listen at the receiving instrument at all 
while other persons were speaking into the transmitting instrument? 
If so, did you hear anything, and what? 

Ans. I did not listen to it myself. 

Int. 7. Were you in each of the rooms? If so, about how many 

le were in the rooms at the time of the exhibition, and about 
how long did the exhibition last? 

Ans. I was in both rooms. The exhibition lasted about an hour 
or more, and during the lecture there were about fifty or a hundred 
people assembled in the lecture room, while at least twenty-five came 
afterwards into the other room where the receiving instrument was 
situated. 

Int. 8. Do think you could recognize the instruments then 
exhibited if they were shown you now? 

Ans. No, sir. 
3110 Int. 9. Do you remember anything that Dr. Van der 
Weyde then said as to the operation of these instruments or 
the substance of what he said? If so, please state it. 

Objected to by complainants’ counsel as inadmissible and in- 
competent. 

Ans. I hardly can say anything definite in answer to that. I re- 
member nothing definite. 

Int. 10. Did you at that time know — — Finnell and Al- 
bert H. Hatch ; if so, do you remember w they were present 
at that exhibition or not? 3 

Ans. I may have known them at that time, but do not remember 
them now, and do not remember them as being present at that time. 

Int. 11. Do you remember seeing an account of this exhibition in 
the New York Daily Tribune of the following day! 

Ans. I heard at that time of such publication in some paper, but 


have not seen it. 
N. JOHANNSEN. 
Subscribed and sworn to the 12th = May, 1884, before me. 


EPH A. WELCH, 
Adjourned till May 13, 1884, at 10 a. m. 
Dated May 12, 1884. : 
J. A. WELCH, 
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31ld 29 WALL Srreet, New York, May 13, 1884, 10 a. m. 
Present: Same counsel for the respective parties as yesterday. 


Cross-examination of Henry Morton adjourned till May 14, 1884, 
at 10 a. m. 140 


Sp. Exam’r. 


The deposition of ADoLPH Orr, a witness called and sworn on the 
part of the defendants. 


Interrogated by Mr. PeckHam : 


Int. 1. What is your name, age, residence, and occupation ? 

Ans. My name is Adolph Ott; my age is forty-one; my residence 
is 83 Second avenue, in the city of New York; I am editor of the 
“Schweizer Amerikanische Zeitung,” a newspaper established in 
New York. 

Int. 2. Do you know Dr. Peter H. Van der Weyde; and if so, how 
long have you known him and where 

Ans. I nave known him since 1866. He was then professor of 
physics and chemistry in Girard College, Philadelphia. I knew him 
in New York from sixty-eight to seventy-three. He was then pro- 
fessor at the Dental College, in New York, in 23d St., I believe, and 
he was then experimenting in physics and chemistry, and he wrote 
articles in different industrial and scientific journals. 

Int. 3. Did you, at the time of which you speak, in New York, see 
any of the apparatus used by Dr. Van der Weyde; if so, when and 
where and what kind of apparatus! 

Ans. I saw some of these apparatus in his laboratory in the Dental 
College, and also in a boarding house in East Seventh street, the 

number of which I don’t know now; it was between the 
3lle Second and First avenues; It was in 1869 and 1870; they 

were magneto-electrical apparatus to transmit musical tones 
or sounds from one room to the other. | 

Int. 4. Please state whether Dr. Van der Weyde explained this 
apparatus to you and its mode of operation. 

* — Yes, sir; he did, but I gave little attention to the matter at 
e. . 

Int. 5. I now hand you Exhibit Van der Weyde Receiver No. 3, 
and ask you whether that was among the apparatus or instruments 
which you saw at that time? 

Ans. I remember very well to have seen that apparatus, I might 
state, as I went constantly in and out in his laboratory, and I might 
state we conversed a great deal about scientific matters. 

Int. 6. Did Dr. Van der Weyde explain to you the operation of 
Exhibit Van der Weyde Receiver No. 3; and, if so, do you remember 
what he said? 

Ans. I remember that he stated that by the action of a galvanic 
current on a horseshoe magnet a vibratory movement would be 
transmitted to a membrane, and that the sound of a musical in- 
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strument could in such a manner be transmitted to a certain dis- 
tance; or, in other words, that the undulatory waves of sound could 
be transferred by means of magneto electricity. That’s about all. 


Cross-examination by Mr. Roperts: 


Cross-int. 7. Have you kept up your acquaintance with Dr. Van 
der Weyde since 1873? 

Ans. Yes, sir; but from seventy-three to seventy-six I was in Eu- 
rope; still, I was in — with him. I went back to 
Europe in seventy-seven and returned to this country in eighty-one. 

Since that time I have seen him often. 
311f Cross int. 8. Has the matter of his former experiments with 
magneto-electric apparatus for transmitting musical sounds 
been a subject of conversation between you and Dr. Van der Weyde 
since 1870; and, if so, how frequently ? 

Ans. Since 1870 I only remember that he e to me about a 
rear ago about it; it was in his house in Brooklyn; and he told me 
16 was going to make great improvemants in telephones, but at that 

time he did not mention that he was in controversy with any other 
company or that he had a suit. 

Cross-int. 9. When did you last see the instrument before you— 
Exhibit Van der Weyde Receiver No. 3—before to-day ? 

Ans. I saw this instrument in this office two months ago. 

Cross-int. 10. Who was present when it was shown you? 

Ans. Mr. Van der Weyde himself and Mr. Peckham. 

Cross-int. 11. Do you remember to have seen it or anything like 
it between 1870 and the time of your seeing it in this office about 
two months ago? 

Ans. I have not seen this instrument, but I still took an interest in 
this matter, as I was then examiner in a patent office in Frankfort- 
on-the-Main ; that was from seventy-four to seventy-six, and there 
appeared a pamphlet in Frankfort at that time on the original in- 
ventor of the telephone, Professor Reis, and the subject of telephones 
was much spoken of in scientific circles. 


All the answer after the first six words objected to as irresponsive 
and immaterial. 


Cross-int. 12. Did you ever see Dr. Van der — actually ex- 
— — with this instrument, Exhibit Van der Weyde Receiver 

o. 3, or with any instrument like it? 

Ans. I saw him experiment with this apparatus, as also with all 

sorts of electrical instruments. 
3119 Cross- int. 13. Do you remember definitely any experiments 
which you saw him try with this instrument? 

Ans. I remember that he tried to transmit the sound of a violin 
and piano. I might state that he was a — musician and always 
played music at home; always played the piano; music and elec- 
tricity being always his hobby. : ; 
ADOLPH OTT. 
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Subscribed and sworn to before me this 13th day of May, 1884. 
JOSEPH A. H, 
3113 29 WALL Street, New YorK, 
May 13th, 1884. 
Dr. Peter H. Van der Weyde recalled by the defendants, and in- 
terrogated by Mr. Knox: 


188 Re-D. Q. Are you familiar with the German language? 
A. Perfectly, sir; I havestudied in Germany some time, and have 
been a teacher in the German language. : 


Sa — 


>< 5 ö 2 
a — 3 — 
* 
* 


DEPOSITION OF PETER H. VAN DER WEYDE. 75 


189 Red. Q. I show you two periodicals published in the Ger- 
man language, and ask you to give me their titles and dates of 
their publication! 

A. Two numbers of Didaskalia,” dated May 11th and 14th 
respectively, 1862, published in Frankfort-on-the- Main. 

190 Re-d. Q. I call your attention to an article in the Di- 
daskalia of May 11th, 1862, and ask if you can give me a 
translation, and if so, will you give it? 

A. Ican, and now produce a translation written by my- 
self. 


Defendants’ counsel offers in evidence the said original 
paper and the said written translation of the article re- 
ferred to, and the same are each marked J. A. Welch, 
Special Examiner, May 13th, 1884. 


191 Re-d. O. I call your attention now to the Didaskalia ” 


of May 14th, 1862, and an article contained in it, and ask if you 


can give me a translation of that article, and if so, to do it? 
A. I have franslated the article shown me and now produce 
my written translation of the same. 


Defendants’ counsel offers in evidence the original copy 
of the paper referred to, and the written translation there- 
of produced by the witness, and the same are each 
marked J. A. Welch, Special Examiner. May 13th, 1884. 


193 Re-d. Q. I show you a publication in the German lan- 
guage, and ask you to give me its title, date and place of publi- 
cation? 

A. Its title. is Tagblatt der 39, Versammlung Deutscher 
Naturforscher und Aizte,” published in Giessen in 1864, Thurs- 
day, September 22d, 1864. 

193 Re-d. O. I call your attention to a line on page 74 of said 
publication and ask you to give me a translation of it? 

A. Dr. Reiss demonstrates his telephone, gives an explan- 
ation and history of this instrument;” this is the translation. 


Defendants’ counsel offers the said publication in evi- 
dence, and the same is marked J. A. Welch, Special Ex- 
aminer, May 13th, 1884. 
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194 Re-d. Q. I call your attention to a publication in the Ger- 
man language, and ask you to give meits title and place of pub- 
lication? — : 

A. The title is Das Buch der Erfindungen, Gewerbe und 
Industrien,“ which, being translated, is The Book of Inven- 
tions, Trades and Industries,” and the place of publication is at 
Leipsic, and the date May, 1872; the publisher is Otto Spamer. 

195 Re-d. Q. I call your attention to an article in this publica- 
tion, commencing on page 400, and ask you to give me a trans- 
lation of the same? 

A. I have made a written translation of this article, and now 
produce it. 


Defendants’ counsel offers in evidence the said publica- 
tion and the translation produced, and the same are each 
marked J. A. Welch, Special Examiner, May 13th, 
1884. 


Adjourned till May 14th, 1884, at 10 A. M. 


Dated May 13th, 1884. 
J. A. WELCH, . 
Special Examiner. 


29 WALL STREET, NEw YORK, 
May 14th, 1884, 10 A. M. 


Examination of Peter H. Van DER WEYDE resumed: 


196 Re d. Q. I hand you a publication in the German lan- 
guage and ask you to give me the title, date and place of publi- 
cation? 

A. The title is Aus der Natur,” volume 21, published in 
Leipsic in 1862. 

197 Re d Q. I call your attention to an article commencing at 
page 470 of said publication, and ask you if you have read the 
same, and if you can give me a translation of it, and if you can, 
to do so. 

A. I have read the article and have here a written transla- 
tion of thesame. It was not made by myself, but corrected by 
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me in order to make it more exactly agree with the original. It 
has only a very few corrections. It is a very good translation. 


Defendants offer in evidence the said publication and 
the written translation mentioned in the preceding an- 
swer, and the same are each marked J. A. Welch, Special 
Examiner, May 14th, 1884. 


CROSS-EXAMIEED BY Mr. ROBERTS: 


198 x-Int. In your translation of the article cdntained in the 
issue of Didaskalia for May 11th, 1862, what word have you 
translated sounds in the sentence, ‘‘ and which is intended 
to use the telegraph wires for the transmission of actually audi- 
ble sounds?” 

A. The German word is “‘ toene.” 

199 x-Int. What is the singular number of this German word 
of which the plural is ‘‘ toene?”’ 

A. The singular number is ton.“ | 

200 x-Int. Do you consider the English word sound to be 
an exact equivalent of the German word ton, or sounds 
the exact equivalent of ‘‘ toene?” 

A. In the sense of this article I do, as the word “ton” in 
German is used in a wider sense that the word tone in Eng- 
lish. 

201 x-Int. And is not the word “‘sound ” in English used in 
a much wider sense than the word ton“ in German? 

A. It is not. We say in English the sound of his voice,” 
which translated in German should be der ton seiner stimme. 

202 x-Int. And we also say in English ‘‘the sound of thunder, 
of a gun, of hand clapping, of stamping,” &c. Would the Eng- 
lish word sound in such instances be correctly translated by 
the German word “ton?” 

A. It would not. 

203 x-Int. Is not the idea of melodic pitch embraced in the 
German word ton 

A. So it is; but also the voice of speech. 

204 x-Int. Is not the same true of the English word toner? 

A. To some extent it is. But speaking of the human voice 
a German will use the word ton where in English the word 
‘‘sound can be used. 


. 
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205 x-Int. And is not the same true of the word “ tone” in 
English, as, for instance, in the two sentences, the gentle tone 
of his voice,” and the gentle sound of his voice?” 

A. Those two expressions prove exactly the idea I wish to 
convey. When translating them in German the word ton“ 
should be used in both cases, as well for ‘* sound ” as for ‘‘tone” 
in English, as the German word klang, which nearly corres- 
ponds to the English word sound would be —— in 
this case. 

206 x- Int. Would not the English word tone be a less am- 
biguous translation of the German word ton,“ and a much 
closer equivalent in meaning than the English word ‘‘ sound?” 

A. I consider this a matter of individual opinion. But in re- 
lation to the old experiments of Reiss in question, in which he 
attempted to transmit human spesch, involving other elements 


than musical tones I think the word sound the more proper 


one. 
Answer objected to as irresponsive. 


207 x-Int. Cross-interrogatory 206 repeated. 

A. I don’t see why I didn’t answer that question. 

208 x-Int. Can you not answer cross-interrogatory 206 re- 
sponsively? 


Counsel for defendants objects to this interrogatory as 
to its form, and as assuming that he has not answered 


cross-interrogatory 206 responsively. 


A. I have answered the question. 

209 x-Int. Do you think that you have answered cross-inter- 
rogatory 206 responsively? . 

A. When I said that I consider the word sound the more 
proper word in this case I gave a responsive answer to the ques- 
tion. 

210 x- Int. You mean to be understood then, do you, that in 
your opinion, as a German scholar, the English word tone” 


‘would not be a less ambiguous translation of the German word 


‘‘ton,” nor a much closer equivalent in meaning than the En- 
glish word sound? 

A. In translating there is always a choice of words from 
which a translator has to select, as in different languages, every 
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word has never its perfect equivalent in both. Therefore the 
translator has to understand the subject, and choose the most 
proper words accordingly. Therefore I hold that in the present 
case the more general word sound was the most proper one 
to express the wide range over which the telephonic experiments 
extended. 

211 x-Int. You mean, do you, that you used the English 
word sound to translate the German word ‘‘ton” because 
that accorded better with your preconceived ideas of what you 
assumed Philipp Reiss to have done? 

A. It is no assumption on my part that Reiss attempted to 
transmit speech by his telephone. He may have done so 
imperfectly; still with him it appears to have been a question of 
transmitting all kinds of sounds in contradistinction of my first 
experiments, in which I attempted to transmit nothing but 
musical tones. 

212 x-Int. And it was by reason of your belief, as expressed 
in the last preceding answer, was it, that you used the English 
word sound to translate the German word “‘ ton?” 

A. It was not only a mere belief, but a positive knowledge, 
also derived from portions of the articles translated which caused 
me to prefer the word sound.“ 

213 x-Int. To what do you refer as ‘‘ portions of the articles 
translated?’ | 
A. On page 473 off Aus der Natur” the statement is made 
that thus far it has not yet been possible to transmit human 
speech with a distinctness sufficiently satisfactory to everybody,” 
which proves that experiments were made in this direction. It 
is added that ‘‘ the consonants are for the greater portion toler- 
ably correctly reproduced, but the vowels not in an equal de- 
gree,” while the article closes with an explanation of the causes 
of this deficiency. 

214 x-Int. Now, will you give us your opinion, as a German 
scholar, independently of any preconceived notions derived from 
these articles which you have been called upon to translate, or from 
anything else which you may have learned about Philipp Reiss, 
whether the English word ton” would not bea less ambiguous . 
translation of the German word ton, and a much closer 
equivalent in meaning than the English word “ sound?” 

A. Generally the English word tone is the equivalent for 
the German word “ton,” I agree to this. But there are many 
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cases outside of the telephone question where the English word 
‘‘ sound ” would be preferable as a translation for the word ton 
in German. 

215 x-Int. In each of the other articles, of which you have put 
in translations, namely, that referred to in Didaskalia of May 
14, 1862. that referred to in Das Buch der Erfindungen, &c., 
and that referred to in Aus der Natur,” does the word ton 
appear in the German text corresponding to the word “ sound ” 
in your English translation, and the plural “‘ toene ” whenever 
you have used the word sounds as a translation? 

A. I have translated the word ton and toene in most 
cases, if not in all, by the English word sound or sounds 
as conveying the most correct meaning of the German when 
rendered in English. In corroboration I produce here the first 
dictionary which fell in my hands, where the German word 
ton“ plural toene is translated first by sound,“ after 
which other translations appear. Also in the other part of this 
dictionary the English word sound is translated first by 
ton“ in German, after which the other German words are 
given, such as klang, schall,“ “‘ laud.” 

216 x-Int. Won't you please also state what is the first Ger- 
man word given in this same dictionary as the translation of the 
English word ‘* tone?’ 

A. It is of course “ton” in German; but ton in German 
is not always tone in English, as the German word ton 
has a broader meaning, and includes other kinds of sounds than 
mere musical tones, as is proved by the first English word 
after the German word ton in the dictionary, this word being 
‘* sound.” 

217 x- Int. What are the other English translations of the Ger- 
man word ‘‘ton,” and not in a figurative sense, as given in this’ 
dictionary? 

A. After the word sound follows tone,“ tune, “ mel- 
ody,” proving the broad signification of the German word, quite 
different from the English meaning of the word tone,“ which 
mostly refers more to musical sounds when not used in a figura- 
tive sense. 

218 x-Int. I show you an edition of Webster’s dictionary un- 
abridged, and will ask you to state what word is first given 
therein as a definition of the word toner 

A. Webster’s definition is sound or a modification of 
sound.” 
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219 x-Int. Will you now give Webster’s first definition of the 
word sound 

A. It is this: Noise, report, object of hearing, that which 
strikes the ear.” 

220 x-Int. In your translation of the article from Didas- 
kalia of May, 14th, 1862, appears the following: In the ex 
periments made by him a few months ago at the Physical Soci- 
ety the sounds were to the surprise of all exceedingly clear and 
distinct.” Is there any word in the German text which you 
have so translated, signifying sounds? 

A. There is not. The German text says that the experi- 
ments were clear and distinct. 

221 x-Int. Is the written translation of this article which you 
have produced one made by you, or only looked over and ap- 
proved by you? 

A. It was not written by me, but approved by me. 

222 x-Int. How is it with the translation of the article from 
Das Buch der Erfindungen? Is the translation yours or only 
one approved by you? 

A. The translation is not mine, but was approved by me as 
correct. Any translation when very critically examined may 
be subject to some alterations, which in this case do not affect 
the value of the translation, as they are very insignificant. 

223 x-Int. In your translation of the article from Das Buch 
der Erfindungen ” appears the following: ‘‘ The continuation of 
the currents going through depends upon the vibration of the 
membrane,” &c.; do not the words Die Aufeinanderfolge 
mean the succession” instead of the continuation,” as this 
translation has it? 

A. The words “‘ following one another” would more correctly 
render the meaning than the words the continuation.” 

224 x-Int. Do you feel quite sure that these translations put in 
by you, but not originally written by you, are entirely free from 
other inaccuracies than those already pointed out? 

A. Iam not perfectly sure of that; however, I know that 
possible inaccuracies which may be found are so trifling that 
they cannot in any way affect the bearing of the thing. In fact, 
I doubt if it is possible to make a translation from a foreign 
tongue which could not be criticised and altered by any one ac- 
quainted with the two languages, who would take — trouble 
to do 80. 
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225 x-Int. Your attention has already been called to an affi- 
davit sworn to by you August 9th, 1880, and filed in the Circuit 
Court of the United States for the Southern District of New 
i York, in the suit of the American Bell Telephone Company et 
: al. vs. The People’s Telephone Company. Do you remember to 
S| have signed and sworn to other affidavits of the same tenor dur- 
ing the years 1880 and 1881, and at intervals of time consider- 
ably far apart by weeks or months? 

A. I do not remember to have signed other affidavits, but I 
remember very distinctly that I have signed this same printed 
affidavit three times, at periods of a few months apart. 

226 x-Int. When you say this same printed affidavit ” you 
mean, do you not, separate copies of the same imprint and con- 
stituting separate affidavits. 

A. I mean this; and I used the expression this same affi- 

davit” in the sense as we speak of a book as the same book, 
meaning another copy of the same impression. 
t 227 x-Int. Was not the first affidavit, of which the printed 
1 affidavits mentioned by you were copies, one written in manu- 
+ script, and signed and sworn to by you several weeks before you 
signed and swore to the first printed copy? 

A. I believe not. My impression is that the first time I 
| signed this affidavit it was presented to me in a printed form. 

4, 228 x-Int. What is the name of the dictionary of which 
you first spoke, as having referred to, and is it or not a work of 
recognized authority? 

A. The title is A New and Complete Critical Dictionary of 
the English and German Languages,” by Thieme & Preusser, 
published in Baden and Hamburg. 

By the German population in the United States it is consid- 
ered equivalent to Webster, while in Germany it enjoys the 
highest reputation. 


Subscribed and sworn to this 


P. H. Van DER WEYDE. 


14th day of May, 1884, be- 
fore me, 


14 JOSEPH A. WELCH, 
He Special Examiner. 


Adjourned till May 15, 1884, at 10 A. M. 
Dated May 14, 1884. 
J. A. WELCH, 


Special Examiner. 


DEPOSITION OF HENRY MORTON. 
No. 29 WaLL STREET. ; 
New York, May 12, 1884. 


The deposition of Professor Henry Morton, taken on the part 
of the defendants, before me. 


JOSEPH A. WELCH, 
Special Examiner. 


EXAMINED BY Mr. W. H. PECKHAM: 


1 Int. What is your name, age, residence and profession? 

A. My name is Henry Morton; forty-seven years of age, and 
I am president of the Stevens Institute of Technology, in Ho- 
boken, New Jersey, where I reside. . 

2 Int. Have you given any attention to the subject of elec- 
tricity, and particularly in its application to the telephonic 
transmission of speech and other sounds, and if so, please state 
what? 

A. For more than twenty-five years I have given a great 
deal of attention to the subject of electricity, having lectured to 
classes on that subject in the University of Pennsylvania and 
elesewhere, before accepting my present position, and having 
always had in my possession and use a great variety of electrical 
instruments, with which I have carried on researches, the re- 
sults of which have been published in scientific journals and 
books in this country and Europe. 

Ever since the announcement of Mr. Bell’s experiments with 
the telephone at the Centennial, I have made frequent experi- 
ments with various forms of telephonic apparatus; one of my 
objects being to develope such as would be useful in illustrating 
this subject to large audiences, as in lectures. I have also been 
frequently called upon to examine various forms of telephonic 
apparatus, and to advise those interested in them as to their 
efficiency and their relations to the various existing patents, hav- 
ing reference to such apparatus. I have also been called upon 
fo give testimony, as an expert, in the United States Courts, 
in suits involving various telephone patents, and in connection 
with this have had occasion to make experiments with various 
forms of telephonic apparatus. 

3 Int. Have you read and do you understand letters patent 
granted to Alexander Graham Bell, March 7th, 1876, No. 174, 
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465, and also letters patent granted to Alexander Graham Bell, 
January 30, 1877, No. 186,787? 

A. I have, and believe that I do. 

4 Int. Have you read cross interrogatories 44, 45 and 46 and 
the answers thereto, of Professor Charles R. Cross in his deposi- 
tion in this case? 

A. I have. 

5 Int. Assuming the statement in said answers, that at the 
time referred to the art of transmitting articulate speech by 
electricity was not known, do you find such art disclosed or in 
any way described in Letters Patent No. 174, 465? 

A. I donot. 

6 Int. Referring to claim 5 in said patent 174,465, to what 
do you understand that claim to refer and what is the process 
in the claim and in the specification to which it refers described? 

A. I understand this claim to refer to the transmission of 
such vocal sounds as would be produced in common by the voice 
or a musical instrument, such transmission being effected by 
the employment of an electric current in the manner set forth, 
i. e., the sound vibration producing corresponding undulations 
in an electric current, which undulations at the receiving station 
should reproduce sound vibrations substantially similar to those 
which originated the electric undulations at the transmitting 
station. The process described in the specification consists in 
singing or otherwise producing similar sounds with one or an- 
other musical instrument close to an elastic diaphragm connec- 
ted with the armature of an electro magnet, in such a way that 
the sound vibrations cause back and forward movements of this 
armature in front of its electro magnet. By these movements 
of the armature electric waves are developed, or a fluctaating 
electric current is devoloped, in the circuit in which the magnet 
forms a part, and these electric waves or fluctuations of current 
are conveyed by the line wire to the distant or receiving station, 
where they pass round an electro magnet which has opposite to 
it an armature similarly supported to that in the transmitting 
instrument, and which, being more or less attracted, moves in 
consequence forward and backward, and being connected at one 
end with a diaphragm or stretched membrane occasions motions 
in said membrane, which, acting upon the air. can be perceived 
as sounds, said sounds corresponding in pitch and character with 
the sounds produced by the voice or musical instrument at the 
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receiving station. The circuit is of course completed either 
through the earth, as is usual, or by a return wire to the bat- 
tery, which is connected at any convenient place in the course 
of the entire circuit. In this operation the battery produces 
magnetism in the electro magnets, and this magnetism so pro- 
duced by reaction with the armature developes the fluctuating 
current by which the transmission of sound is effected. 
é 7 Int. Do you find in the patent No. 174, 465, any descrip- 
tion of an apparatus capable of transmitting and reproducing 
articulate speech, so that connected conversations could be car - 
ried on between separated stations? 

A. I do not. 

8 Int. Have you examined the publications relating to the 
Reiss telephone, the Journal of the Physical Society at Frank- 
fort-on-the-Main, the Journal of the German Austrian Telegraph 
Association, and Pisco’s Acoustic Apparatus, and do you under- 
stand the construction and mode of operation of the several 
forms of apparatus therein shown, and have you constructed 
and tested the same? 

A. I have read these various articles frequently and with 
care, and have caused the apparatus described therein to be con- 
structed under my general direction, and have made numerous 
experiments with the various forms of apparatus described in 
figures in these articles. 

9 Int. Please describe the instruments constructed and oper- 
ated by you pursuant to the descriptions in the articles referred 
to, and state their mode of operation, and if necessary illustrate 
your description by diagrams? 

A. There were three forms of transmitting apparatus and 
two forms of receiving apparatus or receivers described in the 
articles referred to, which I have caused to be made and have 
experimented with. In the first place there is the cubical box 
transmitter, described in the Pisco articles; next, the brass cone 
transmitter, described in the Legat article; and third, the hollow 
block transmitter, described in the Reiss article. The receivers 
were the knitting needle receiver, and the magnet and armature 
receiver. Those names, I think, will sufficiently indicate them. 
The knitting needle receiver was described in the Pisco article, 
and the magnet in the Legat article. I have experimented with 
all these forms. As regards the transmitters, I have found that 
with each of these transmitters, if a sensitive receiver was used, 
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there was no difficulty in securing the transmission of words and 
sentences; and I cannot say from my own experience that there 
is any great difference between one and another of these forms 
of transmitter, as regards their efficiency of action. All require 
a proper adjustment and care in speaking to them to avoid too 
great loudness or violence, and when these conditions are se- 
cured and observed, each of them will, I think, operate efficient- 
ly, as I have stated above. When connected with the receivers, 
I have not myself been able to secure distinct transmission of 
words or sentences. The tones of the voice can be recognized so 
that one is aware that what he listens to is a human voice, but 
in all the instruments which I have tried the intensity of the 
sound has not been sufficient to enable me to recognize words or 
sentences. The mode of operating these instruments was simply 
that stated in connection with their description: i. e., the trans- 
mitter was placed in one room connected with a battery on the 
one side and the line wire on the other, which line wire was car- 
ried to a distant room entirely out of hearing from the first, 
where the receiver was placed, likewise connected at one end 
with the line wire, and at the other end with a return wire car- 
ried back to the battery in the other room. For the experiment 
with these, two operators were of course needed, and in most of 
my experiments my assistant, Dr. William E. Geyer, aided me, 
either speaking into the transmitter or listening at the receiver 
when I spoke at the transmitter. Having adjusted the appara- 
tus, we then tested the fact of hearing by saying something un- 
expected and unusual, and I only considered that I was sure of 
having heard words or sentences through the instrument 
when they were of some unusual or unexpected character— 
not the mere call or counting which one might perhaps imagine 
he heard, from the rythm, apart from the distinct sound. 

10 Int. Please contrast the apparatus described in the Bell 
Patent 174,465, and referred to in the fifth claim and the 
seventh figure, with the apparatus described in the Legat arti- 
cle as to the Reiss telephone, and point out the similarities and 
differences? 

A. In the Reiss article I find described an apparatns in which 
the transmitter operates by a change of resistance between two 
electrodes in elastic contact, whereby the current flowing from 
a galvanic battery through the entire system is fluctuated in re- 
sponse to the vibrations produced by the sounds acting on an 
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elastic diaphragm. In the apparatus of the Bell patent I find, 
as a transmitter, what may be called a magneto electric ma- 
chine. identical in its general structure and operation with other 
magneto-electric machines which have been used for other pur- 
poses, euch, for instance, as the apparatus for firing blasts by 
the sudden withdrawal of an armature from the face of a mag- 
net carrying coils of wire on its poles. In this case the battery 
current is in no way directly affected by the motion of the dia- 
phragm, which on the other hand produces, by a magneto-elec- 
tric effect, a momentary current in one direction or the other, 
according to the movement of the armature connected with it. 
As regards the receiver, there is, I think, little substantial differ- 
ence between the Reiss magnet and armature receiver and the 
Bell receiver. Both operate by transferring the motion of an 
armature, elastically supported in front of the poles of a magnet. 
lo connected bodies capable of giving up their vibratory motions 
to the air. 

11 Int. Please state what is the function, in the Reiss-Legat 
receiver, of the upright board tongue or strip, as compared with 
ee ee 
174,463? 

A. The functions are the same. Both receive motion from 
the armature and transmit it to the air. 

12 Int. I notice, in the several publications relating to the 
Reiss instrument, referred to by you, that the instrument is de- 
scribed by opening and closing the electric circuit. Will you 
please state what you understand to be the meaning of that, 
and in what sense, if at all, the same is true? 

A. The main object had in view by Reiss was to produce an 
instrument which would make so loud a sound that it would be 
heard by a number of persons at once. In order to effect this it 
was essential that interruptions of circuit should be made to se- 
cure sufficient range of motion, and in this view the apparatus, 
when so operated as to produce loud sounds or operate as a make 
and break transmitter, was, in my opinion, only adequate for 
the transmission of musical sounds. When, however, this in- 
strument was so used as to transmit articulation, the loudness 
of the sound was gradually reduced, and as a cause of this reduc” 
tion and concomitant with it, the electrodes did not break cir- 
cuit, but simply varied the pressure at the point of contact be- 
tween them, thereby rendering the apparatus efficient for the 
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transmission of articulation, though greatly reducing the loud- 
ness of the sound produced at its receiver. In other words, 
when the instrument was used to transmit musical sounds or 
singing, it broke circuit; when it was used to transmit articu- 
late speech, it did not. 

13 Int. Professor, I want to call your attention to Exhibit 
Van der Weyde Receiver No. 1, and to Exhibit Van der Weyde 
Transmitter No. 1, and Exhibit Van der Weyde Transmitter 
No. 2, and also to Exhibit Van der Weyde Receiver No. 3. Sup- 
posing either one of those transmitters to be connected in ‘circuit 
with either of the receivers, please contrast the apparatus and 
mode of operation thereof, with the apparatus and mode of 
operation of the Bell Patent No. 174,465? 

- A. The contrast would be substantially the same as between 
the Reiss and Bell instruments, as I have already stated. That 
is, these various forms of transmitter would be substantially 
identical with the corresponding form of the Reiss transmitter, 
except that in two of these, Exhibit Van der Weyde Transmitter 
No. 1, and Van der Weyde Transmitter reproduced No. 2, there 
is provided a means of adjusting the pressure between the 
electrodes not found in the Reiss transmitter. The receivers are 
substantially like the Reiss magnet and armature receiver, ex- 
cept that I think they would be more sensitive, and with the 
same fluctuations of current would produce louder sounds; but 
their principle of operation would be substantially the same, viz., 
the varying attraction of an armature by an electro magnet 
causing motion in the armature, and consequent sound. All of 
these transmitters would, in fact, operate by the variations of 
pressure between two electrodes held in elastic contact, and not 
by any magneto electric development of current, which is. the 
efficient cause in the Bell transmitter. 

14 Int. I call your attention, Professor, to the diaphragm on 
Exhibit, Van der Weyde Transmitter No. 1, being of rubber, in- 
stead of the animal diaphragm on the other transmitter, and in 
the Bell instrument, and ask you what effect, if any, would the 
use of a rubber diaphragm, instead of the animal diaphragm, 
have? 

A. I think it would be an improvement, for the reason that 
it would not be subject to changes in tension through slight 
changes in moisture, which is one of the most serious drawbacks 
to the use of a diaphragm of animal membrane, which, through 
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changes in the atmosphere, and also through the moisture from 
the breath in speaking, is very apt to lose adjustment while in 
use. As to its general principle of action I do not think there 
would be any considerable difference. 

15 Int. I call your attention also to the fine point on the end 
of the upper electrode in Exhibit Van der Weyde Transmitter 
No. 1, and ask you what, if any, effect you would infer would 
be produced by the fineness of the point? 

A. I think this would depend upon the character of the cur- 
rent employed, which would again depend upon the structure 
of the magnets in the receiver, but I can well believe, though I 
have no positive knowledge as to the fact, that with a light cur- 
rent a fine point might be advantageous, as making the trans- 
mitter more sensitive to minute variations of pressure. 

16 Int. Referring now to the patent 186,787, do you find in 
the Exhibits Van der Weyde Receivers anything analogous to 
the metal diaphragm, described in that patent, aud if you do 
please state whether its functions are similar to or dissimilar 
from those of the metal diaphragms in patent 186, 7877 

A. I find in the Exhibit Van der Weyde Receiver No. 3a 
diaphragm of tin or iron, which I consider to be identical with 
the diaphragm described in the patent referred to. In this con- 
nection I may mention that I recollect, during the Troy meeting 
of the American Association for the Advancement of Science, 
hearing Dr. Van der Weyde describe such a receiver with such 
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an iron diaphragm placed opposite an electro magnet, and also 


hearing Professor Pickering on the same occasion allude to simi- 
lar experiments of his own, in which a tin seidlitz powder box 
had been employed as a similar diaphragm armature, as I may 
call it. 

17 Int. I call your attention, Professor, to Exhibit Van der 
Weyde Receiver No. 1, and ask you with respect to the dia- 
phragm in that receiver, whether it is the same as, or different 
from, that in Receiver No. 3? 

A. This I should consider different, as the diaphragm here is 
of brass, having an armature consisting of a sinall piece of iron 
attached to it at its centre. This I think would affect its opera- 
tion so that it would not be relatively as efficient, other N 
being equal, as a diaphragm altogether of iron. 

18 Int. Can you remember which form of receiver it was that 
you saw at the Troy meeting referred to by you? 


> 
EO IT I EGS, Fe i ne Ege EER Ew 


2 
r 


eee . 


J — 
P 
— 5 * * 


EVIDENCE FOR DEFENDANTS. 


90 


A. I do not remember seeing any on that occasion, but only 
recall the remarks which I heard made in reference to such a 
receiver. ‘ 

19 Int. I hand you Exhibit Defendants’ Receiver, and also 
Exhibit Defendants’ Transmitter, and ask if you have examined 
the same and understand the mode of operation thereof? 

A. I have examined them and understand their mode of 
operation. 

20 Int. Please contrast the mode of operation of Exhibit De- 
fendants’ Transmitter and Exhibit Defendants’ Receiver with 
the apparatus and mode of operation described in Bell’s Patent 
No. 174,465, particularly with reference to the question: What 
is the efficient cause of the effect produced in the Bell instru- 
ment, whether by the magneto current or the voltaic current, 
and what is the efficient cause of the effect produced in the Ex- 
hibits Defendants’ Transmitter and Receiver? 

A. The apparatus described and shown in the Bell Patent 
operates, as I have already said, solely by reason of a magneto 
electric current developed by the motion of an armature in front 
of the poles of a magnet. The battery current performs no otLer 
office than that of magnetizing the magnet. and, as is well 
known, may be efficiently replaced by employing a permanent 
magnet in place of an electro magnet in this part of the ap- 
paratus. In Defendants’ Transmitter, on the other Fand, there 
is no magnet, magnetic material or magnetic action of any sort, 
but the operation is solely due to the variations in contacts at 
numerous points in the carbon rods and posts attached to the 
mass of cork which forms the supporting base of the vibrating 
part of this apparatus. In Defendants’ Transmitter, these fluc- 
tuations in contact are the sole and only cause of the transmis- 
sion of speech by its use, and no substitution of a permanent 
magnet would in any way secure the same effects. As regards 
the receiver, its structure resembles that of the Van der Weyde 
Exhibit Receiver No. 1, very closely, and consequently differs in 
the same way that that exhibit differs from the receiver of the 
Bell Patent 186,787. That is, the elastic diaphragm is made of 
wood or a non-magnetic substance, and the magnet acts upon a 
small iron armature, which causes vibration in the wooden dia- 
phragm by contact; but in this respect it resembles the receiver 
of the Bell Patent 174,465, in that the armature and elastic dia- 
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phragm are distinct, and, as regards the latter, not composed of 
a magnetic material. } 

21 Int. I call your attention, Professor, to the Exhibit De- 
fendants’ Receiver, and ask you to note whether there is any 
properly called armature there, or. whether the upper part 
of the bent plate is not a part of the magnet—a continua- 
tion? 

A. Mechanically, it is undoubtedly an extension of the end of 
the magnet, but magnetically it undoubtedly plays the part of an 
armature, moving towards and from the magnet in obedience to 
variations in the force of the same. 

22 Int. Is the end of that tongue in physical contact with the 
wooden diaphragm? 

A. It is. 

23 Int. I understand you to say that the active cause in the 
Bell apparatus No. 174, 465, is the magneto current. Does the 
voltaic current in that apparatus have any operative effect upon 
the diaphragm of the receiver? 

A. None in the act of transmitting sounds. It simply causes 
a constant pull, or tension, such as might be occasioned by a 
spring or the like, and which may be considered as constituting 
part of the adjustment of the instrument. 

24 Int. In the defendants’ instruments, Exhibit Defendants’ 
Transmitter and Exhibit Defendants’ Receiver, is there any 
other electrical cause of the effect produced on the re- 
ceiver, in the way of transmitting speech, than the voltaic 
current? 

A. There is none other, if we neglect the interposition of an 
induction coil used simply to give greater intensity to the trans- 
mitting current. 

25 Int. Then I understand you to say that the effect in Ex- 
hibit Defendants’ Transmitter and Exhibit Defendants’ Receiver 
is produced by varying the resistance in the voltaic circuit, while 
in the Bell instrument it is produced by the magneto current. 
Am I correct? 

A. You are, though I should perhaps rather say that in the 
Bell apparatus the effect was produced by the production of a 
magneto current or currents. This modification of phraseology 
simply, I think, brings out more strongly the difference which 
exists between these two forms of apparatus and their modes of 
action. 
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_ Int. Please contrast Exhibit Defendants’ Receiver with the 

Reiss-Legat Receiver and state wherein the same are substantial- 
ly alike or substantially different? 

A. I can find no substantial difference between the Reiss 
magnet and armature receiver and defendants’ receiver. In 
both we have a magnet, which, as its attractive power varies 
by the changes in the current passing round it, attracts more or 
less a piece of soft iron placed opposite to it, sustained 
elastically, and transmitting its motions mechanically to 
a thin piece of wood capable of vibrating and so act- 
ing upon the air as to produce sound. This same description 
applies equally well to the Reiss receiver and to that of defend- 
ants. - 

27 Int. Turning to the complainants’ patent 186,787, I call 
your attention to the fifth, sixth, seventh and eighth claims 
thereof, and at the same time I call your attention to Defend- 
ants’ Exhibit Shellen Translation, and I ask you whether the 
magnet shown on the Shellen Translation is substantially the 
same as, or substantially different from, the electro magnet re- 
ferred to in claim 5, and also in claim 8, of patent No. 186,787, 
particularly in reference to the position of the * on the ends 
of the magnet? 

A. The magnet described in the Shellen article is identi- 
cal with the magnet described in the claims of the — 
cited. 

28 Int. Referring to claim 6 in patent No. 186,787, I ask you 
whether you find in the Exhibit Defendants’ Receiver any sound- 
ing box, as is described in claim 6? 

A. I do not. 

29 Int. Referring to claim 7 in the same patent, I will ask you 
whether you find in Exhibit Defendants’ Receiver any hearing 
tube for conveying to the ear the sounds produced by the vibra- 
tion of the plate? 

A. Ido not. 

30 Int. Professor, do you know, and can you tell us, of any 
printed publication prior to the issue of Letters Patent No. 174,- 
465 in which an undulatory current was described and the 
same was used for telegraphic purposes? If so, please refer 
to it? 

A. I find in the English patent to Cromwell Fleetwood Varley, 
No. 1044, dated April 8th, 1870, description of an apparatus for 
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transmitting telegraphic signals, in which an undulatory current 
is employed, the said undulatory current being obtained from a 
magneto machine rapidly rotated and having its rotation con- 
trolled by a governor. In this patent not only is it proposed to 
transmit a single set of signals over a wire by this means, but 
it is also proposed to transmit several signals at once over one 
wire by the use of such undulatory or wave currents; 
the means of securing this multiple transmission being the 
adjustment in the wave length of the several wave currents, 
so that each of them shall operate upon a different receiver 
sensitive or responding to that wave length and not to the 
others. 

31 Int. Will you please contrast the undulatory current 


used in the patent 1044, to which you have referred, with 


the undulatory current described by Mr. Bell in patent 174.- 
465, and state the similarities and differences of the two pro- 
cesses? 

A. So far as the mere fact that an undulatory, as distin- 
guished from an interrupted or pulsatory current is concerned, 
there would be no difference whatever. The only difference 
would be that where the apparatus shown in figure 7 of the 
Bell patent was used a more complex or irregular undulatory 
current might be produced than with the arrangement shown 
in the Varley patent. 
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29 WII. Srreet, New York, May 15, ee 
10 A. M 


ants. 


WHEELER H. Pecxnam, Ese., and W. 8. Kxox, ES0., 
counsel for defendants. 


It is hereby stipulated between the counsel for the re- 
spective parties that the depositions of Professor Cyrus F. 
Brackett and Prof. Charles A. Young, heretofore taken 
in the suit of the American Bell Telephone Company 
against The Peoples’ Telephone and Telegraph Company 
shall be admitted as depositions in this case with the same 
force and effect as if taken herein, and that the notices 
given to the defendants in that case shall be accepted as 
notices given to defendants in this case as they appear 
upon the record of the depositions taken therein. Copies 
of those depositions shall be incorporated in the record 
herein, and any further testimony of the said witnesses 
which may be desired may be taken. 

J. A. WELCH, 


5 Deposition of Cyrus F. Brackett, a witness, called and 
sworn on the part of the defendants. Interrogated by Mr. Peck- 
ham. 

1 Int. Professor, referring to cross-interrogatories Nos. 44, 
3 45 and 46 inclusive, addressed to Professor Cross in this case, 
and assuming the facts to be as stated in the answers to these 
3 cross interrogatories, I will ask you if you find in the Bell patent 
= No. 174,465, any information of the discovery of the art of 
transmitting speech, or any statement of the existence of such 
art? 

A. Ido not. 

2 Int. Do you find therein a description of any apparatus the 
design and purpose of which are stated to be the transmission 
of articulate speech? 

A. I do not. 

3 Int. I show you now, Professor, Exhibit Van der Weyde 
Receiver No. 1 and Exhibit Van der Weyde Receiver No. 3, Ex- 
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hibit Van der Weyde Transmitter No. 1 and Exhibit Repro- 
duced Van der Weyde Transmitter No. 2, also Van der Weyde 
Transmitter No. 2, and ask you if you haveexamined the same, 
and if you understand the construction and mode of operation 
of the same when connected in circuit with a battery? 

A. I have examined the instruments, and believe that I 
understand their construction and mode of operation. 

4 Int. Will you please describe the instruments and state 
their mode of operation, particularly as contrasted with the in- 
struments described in the Bell patents and with the Reiss in- 
struments heretofore described by you? 

A. Beginning with the transmitters: We find in each case a 
square box furnished with a speaking tube projecting from the 
side obliquely outwards and upwards. On the top of each of 
these boxes is mounted a stretched membrane in such a way 
that it can be thrown into vibration when one speaks into the 
tube just described. To this membrane is attached a thin piece 
of platinum, which is put in metallic connection with the bind- 
ing screw affixed to the top of the box. Upon the piece of 
platinum rests a loose contact piece of platinum, carried by an 
adjustable spring, so that its point can be brought into any de- 
sired proximity or made to touch the platinum strip which is 
affixed to the membrane. This spring has attached to it by means 
of metallic wire, a binding screw for convenience in enclosing it 
in the circuit. 

Referring to the transmitters: There are two. The first con- 
sists in a straight bar of iron aruund which is coiled a helix of 
insulated wire, thereby making it an electro-magnet. Near the 
end and in close proximity thereto is a small piece of iron which 
is attached firmly to a brass plate. This brass plate is attached 
to an upright support of wood through which is cut an opening 
for convenience in listening. The second transmitter consists in 
a two branch electro-magnet, attached by adjusting screws to a 
brass upright post, this latter standing firmly on a base-board. 
Just in front of the poles of this magnet is a tinned iron mem- 
brane or plate. This is firmly held by an upright support 
through which is cut a circular to which the ear may 
be applied in listening. The wires of the electro-magnet are 
both joined to suitable binding screws in the base-board. 

The operation is essentially the same in both instruments. 
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Suppose the receiver No. 1 joined in circuit with one of the trans- 
mitters. The operation would be as follows: With the speaker 
at the transmitting end and his correspondent at the listening, 
when the speaker utters a sound or word in the tube, the mem- 
= brane will be thrown into vibration, and the intimacy of con- 
3 tact between the platinum point and thin plate which rests 
a upon the membrane will be made to vary or alter in such away 
that the current upon the line which includes both the trans- 
mitter and receiver, together with the battery, will vary .in in- 
tensity and thereby cause variations in the magnetic moment 
of the straight bar magnet of the receiver before described. This 
variation will, by induction upon the small piece of iron attached 
to the metallic plate before described, cause it, together with 
the plate, to vibrate in correspondence with the varying inten- 
sity of the current and so in correspondence with the membrane 
of the transmitter, and there will hence be heard to issue from 
the vibrating plate of the receiver sounds or words similar to 
those uttered or spoken in the tube of the transmitter. Substan- 
tially the same operation in principle will occur when receiver 
No. 2 is used, except that in this case the magnetic induction 
will be in the substance of the vibrating plate itself instead of 
in the piece of iron attached thereto. The plate will be thrown 
into vibration, and more or less closely copy the vibration of the . 
membrane of the transmitter. The operation is substantially 9 
identical with that of the instruments shown and described in 2 
the Reiss publications, the only difference being in the better 
means provided for adjustment and in some arrangement of de- 
tails which do not alter the general principles. 

The apparatus shown and described in the patent of A. G. : 
Bell, referred to in the question, in no wise resembles that-in- ; 
volved in the apparatus of Van der Weyde or Reiss, but de- 6 
pends entirely for its action upon induced currents having their 
origin in a mechanical movement of some portion of the appar- 
atus itself, communicated to that apparatus by means of the 
human voice or musical tones, and having its origin in electro- 
magnetic induction and accompanying currents of electricity set 
up in accordance with well known laws of electro-dynamic in- 
duction. In the former case, the movement of the diaphragm 
at the receiving station depends upon changes in the intensity of 
the current. In the latter, it depends upon change of electro 
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motive force induced by thé motion of an armature of iron or 
other inductive materi | 

5 Int. Have you made any experiments with apparatus sub- 
stantially the same as the Van der Weyde Exhibits now shown 
you, with reference to their capacity to transmit articulate 
speech? If so, please state what those experiments were, and 
their result. 

A. I have used receivers substantially like those now shown 
me, both the straight magnet form and common electro-magnet 
form, using as a transmitter the ordinary Reiss bored-block 
form, so-called in the Reiss publication. Many words and sent- 
ences were spoken and clearly received, and these experiments 
have been repeated from time to time, and always successfully. 
I may add that I have used the straight Van der Weyde re- 
ceiver and the common electro-magnet Van der Weyde receiver 
reversibly, one as receiver and the other as transmitter, and 
carried on intelligible conversation with the instruments so 
joined in circuit. 

6 Int. Have you made. any experiments with the Reiss- 
Legat instruments, using a collodion diaphragm instead of an 
animal membrane, and with what result? | 

A. I have, with the result of being perfectly successful in 
transmitting and receiving articulate speech. This I did last 
evening, in connection with my colleague, Professor Young, who 
also both spoke and heard several sentences, of which the fol- 
lowing is a sample: Professor Young being at the receiver, my- 
self at the transmitter, using collodion membrane, I said to him, 
„There is trouble in New York,” which he instantly reported 
back through a second telephone circuit in which were common 
magneto telephones. I also said, ‘‘ Did you understand that? 
He also repeated this immediately and without hesitation. The 
whole time occupied in making the membrane, putting it in 
place, and giving these, together with other sentences and 
numerals, was about two hours. We did not find the adjust- 
ment difficult. In further answer to the question, I would say 
that the collodion membrane gives results apparently not very 
different from those of the animal membrane which I had here- 
tofore used. 3 

7 Int. I now hand you Exhibit Defendants’ Transmitter, 
and Exhibit Defendants’ Receiver, and ask you if you have ex- 
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amined the same and if you understand the construction and 
mode of operation thereof? 

A. I have examined them, and believe I understand their 
construction and mode of operation. 

8 Int. Will you please contrast the said instruments, Exhibit 
Defendants’ Transmitter and Exhibit Defendants’ Receiver, with 
the instruments described in the Bell Patent No. 174,465, and 
state wherein they are similar and wherein they are different, 
either in construction or mode of operation, and whether in 
your opinion the principle of the instruments and process de- 
scribed in the said Bell patent, in the fifth claim thereof, are 
embodied in the instruments Defendants’ Transmitter and De- 
fendants’ Receiver? 

A. Beginning with the transmitter: Defendants’ instrument 
depends upon the variation of a loose contact of conducting sub- 
stances, which are made to form a part of an electric circuit, and 
which circuit will be thereby made to change in the intensity of 
its current in accordance with. the variations of contact men- 
tioned. In the Bell apparatus, the transmitter depends for its 
efficiency upon currents set up in virtue of a new electro-motive 
force having its origin in the motion of the armature in front 
of the magnet described and shown. 

In defendants’ receiver is found a permanent magnet having 
a spool upon its extremity and a small recurved steel tongue 
whose one extremity is attached to the magnet, whose other 
extremity rests against and presses a wooden membrane. When 
the current through the transmitter traverses this spcol, varia- 
tions in magnetic intensity occur whereby the spring is thrown 
into vibration, and with it the membrane, and so the sound is 
reproduced. In the Bell receiver the operation is by making-the 
variations of magnetic moment to act inductively upon a hinged 
vibrating armature whose extremity is attached to a membrane, 
thus compelling the membrane to act in correspondence with 
that at the transmitting station. The principles involved in de- 
fendants’ apparatus are not set forth in the fifth claim referred 
to. 
9 Int. In the Bell apparatus, as described in Patent 174,465, 
has the voltaic current any other function than that of magnet- 
izing the electro-magnet? 

A. It has not. 

10 Int. Has it any function in the transmission of speech? 
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A. It has not, as may be shown by replacing the electro- 
magnets by permanent magnets. 

11 Int. In the instrument Exhibits Defendants’ Transmitter 
and Defendants’ Receiver, is there any other electric cause for 
the effect produced at the receiver than the voltaic current? 

A. There is no other cause. | 

12 Int. Practically, then, in the transmission of speech, do 
instruments described in the Bell patent 174,465 cause undula · 
tions in a voltaic current? 

A. If the question refer to the current constituting the elec- 
tro-magnets the answer must be that the only effect is to su- 
perpose upon the line currents due to the motion of the arma- 
ture, which by induction react upon the coils to produce de novo 
entirely new currents, which will be felt as disturbances at the 
receiving end. 

13 Int. Does the Exhibit Defendants’ Transmitter so operate 
as to cause undulations in the voltaic current through the cause 
of the transmission of speech and its being heard at the re- 
ceiver. 

A. It does, by controlling the intensity of the current, which 
results from a constant electro-motive force at the battery. 

14 Int. Have you tried, in an ordinary Reiss-Legat instru- 
ment, transmitter and receiver, the effects of placing a small 
piece of carbon between the electrodes or as constituting one of 
the electrodes, and if so, please state with what result? 

A. I have done so and find that speech may be readily 
transmitted even when the instrument is not very carefully 
used. | 

15 Int. Has carbon specially valuable properties for use as an 
electrode in a speaking telephone? 

A. It has. It is unquestionably the best material for loose 
contact. 

16 Int. At the time of the issue of the Bell patent 174,465, 
and prior to that time, was it known that carbon possessed such 
qualitiesl 

A. Not generally; nor was it known to what extent it pos- 
sesses those qualities? 

17 Int. Calling your attention now to Bell patent 186,787, I 
ask if you have examined the translation from the work of Dr. 
Schellen, entitled Der Elektro-magnetische Telegraph,” pub- 
lished in 1867, and if you have, please state whether the magnet 
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with a coil around the end thereof, there shown, is substantially 
the same as or different from the magnet shown in the Bell 
patent No. 186,787, and specially referred to in the fifth claim 
thereof. 

A. I have examined the passage alluded to, together with 
the cuts shown, and also the cuts shown in the patent alluded 
to, Figure 5, and find that the magnets shown and described are 
substantially the same. 

18 Int. Referring to the Exhibit Defendants’ Receiver; I will 
ask you whether the magnet in that receiver is placed within a 
sounding box, as described in Claim 6 of Bell patent 186,787, or 
whether you find in the Exhibit Defendants’ Receiver any sound- 
ing box such as is described in said Claim 6? 

A. I donot find such sounding box. ä 

19 Int. In Exhibit Defendants’ Receiver do you find any hear- 
ing tube for conveying to the ear the sound produced by the vi- 
bration of that plate, as is described in Claim 7 of the Bell pat- 
ent 186,787? 

A. I do not. 

20 Int. Professor, referring to the Varley patent 1044, do yoy 
find therein any description of an undulatory current? 

A. I do, together with means for producing it. 

21 Int, Is there any difference between the undulatory cur- 
rent described and used in the Varley patent 1044 and that de- 
scribed in the Bell patent No. 174,465. I mean in the current 
itself, without regard to the mechanism or devices for produc- 
ing it? 

A. There is no difference. 

22 Int. Do you know of any other patent or printed publica- 
tion, prior to the date of the Bell patent 174,465, wherein tlie un- 
dulatory current has been availed of? 

A. Such current is used in Wheatstone’s patent No. 8345. 
It is also described, and the apparatus shown for producing it, in 
Letters Patent granted to John Henry Johnson, No. 2646. It is 
also set forth in applications by Elisha Gray. Alsoin the Dowd 
record, extract from publication entitled Electric Telegraph- 
ing,” Kobert Sabine, London, 1867. It will be found in the Dowd 
record, pages 697 to 699. 


Adjourned to May 20th, 1884, at 10 A. M. 
J. A. WELCH, 
Special Examiner. 
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29 ‘WaLL STREET, New YORK, 
-May 20, 1884, 10 A. M. 


Deposition of Witt1aM F. CHANNING, a witness called and 
sworn on the part of the defendants. 


INTERROGATED BY MR. PECKHAM: 


1 Int. Professor, please state your name, age, residence and 
occupation? 

A. William F. Channing, Providence, R. I., age 64, by title 
Doctor of Medicine. 

2 Int. Have you given any attention to matters of physical 
science, and particularly to electrical scientific questions, and if 
so, please state to what extent and what your experience has 
been in respect thereto? 

A. My education and pursuits have been largely scientific. I 
have made the subject of electricity and electro-magnetism a 
specialty from my boyhood up to the present time. I was an 
operative student in the laboratory of the University of Penn- 
sylvania under Professor Hare, compere of Professor Henry. I 
early became acquainted with Professor Paige, and was one of 
the authors of Davis’ Manual of Magnetism, first published in 


1849, and afterwards enlarged in successive editions. Later I 


published a volume on the medical application of electricity. I 
was employed during three years on geological State and United 
States surveys. In association with Moses G. Farmer I origin- 
ated the American Fire Alarm Telegraph. In the spring of 
1877, before the telephone came into public use, I devoted sev- 
eral months to experiment, making, as I believe, the first port- 
able telephone ever constructed. 

3 Int. Have you read and do you understand the two 
patents issued to Alexander Graham Bell and numbered respec- 
tively 174,465 and 186,787? 

A. I have read them and believe that I understand them. 

4 Int. Calling your attention to patent 174,465, and particu- 
larly to the fifth claim thereof, what do you understand to be 


the method and device described in the said patent and referred 


to in the said fifth claim; and I ask you, in answering the ques- 
tion, to take into consideration the drawing figure 7? 

A. Mr. Bell’s patent No. 174,465 is in my judgment a patent 
for multiple telegraphic apparatus. He commences by a refer- 
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ence to previous instruments for the purpose of multiple teleg- 
raphy. These previous instruments, as stated in the first part 
of patent No. 174,465, produce an intermittent current on the 
line wire. In speaking of this intermittent current he mentions 
two ways by which it may be produced; the one, actual make 
and break of contact, the other by alternately increasing and 
diminishing the intensity of the current without actually break- 
ing the circuit. This use of the word intermittent is obviously 
incorrect. According to scientific usage, the intermission of the 
electric current involves actual cessation. He states his inven- 
tion as consisting in the employment of an undulatory current 
of electricity and the method of and apparatus for producing 
such current. He then states certain old and well-known meth- 
ods of inducing undulatory currents within a closed circuit. Of 
these he gives a considerable number, all of them old and well- 
known. In transmitting multiple signals by an intermittent or 
pulsatory current it had been found that the effect of several 
messages sent upon the same line was practically equivalent to 
one continuous current. This is shown in figures 1, 2 and 3 of 
this patent. Toenable a larger number of signals to be sent 
over a single wire, the method of the closed circuit, and what is 
called by Mr. Bell an undulatory current, is employed. In 
figure 5 two corresponding electro magnets are represented, at 
different extremities of a telegraphic line, equipped with reed 
armatures tuned to the same pitch. If one of these is plucked 
or set in vibration the other one responds. In figure 6 several 
similar instruments are exhibited, but with groups of reeds tuned 
in different pitches. All of these are represented on one circuit. 
If the armature of one of any pitch is made to vibrate, all the 
armatures of the corresponding group tuned to the same pitch 
will also vibrate, while the reed armatures of other groups not 
tuned to the same pitch will not vibrate. The form of these 
vibrations is represented in figure 4 by the usual graphic curves. 
A, in figure 4, may represent the curves produced by one group 
of the reed armatures in figure 6, and B may represent the 
graphic curve produced by another group of the reed armatures 
in figure 6. The group A B will then represent the resultant 
of the two previous curves, containing all their elements with- 
out interference. Figure 7 represents a stretched membrane 
with an attached armature arranged so as to vibrate before an 
electro magnet at one end of a telegraphic line. An instrument 
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corresponding in these respects is placed at the other end of the 
line. The membrane is capable of being thrown into a large 
number of different vibrations, being the equivalent of a large 
number of groups of reeds similar to those represented in figure 
6. For the purpose of this patent, multiple telegraphy, the ap- 
paratus represented in figure 7 can be made to transmit over a 
single wire a number of distinct messages by the Morse code or 
any similar code which may be transmitted by sounds of differ- 
ent pitch. The use of figure 7 for transmitting multiple tele- 
graphic messages is distinctly stated in letters patent of Mr. 
Bell, No. 186,787. Referring to the instrument represented in 
figure 7, in his previous patent, in connection with the instru- 
ments described in patent No. 186,787, he says: In order to 
transmit a telegraphic message by means of these instruments, 
it is only necessary for the operator at a telephone, say J, to 
make a musical sound in any way in the neighborhood of the 
plate A (for convenience of operation, through the speaking 
tube E) and to let the duration of the sound signify the dot or 
dash of the Morse alphabet, and for the operator who receives 
his message, say at M, to listen to his telephone, preferably 
through the speaking tube E. When two or more musical sig- 
nals are being transmitted over the same circuit, all the tele- 
phones reproduce the signals for all the messages, but as the 
signals for each message differ in pitch from those for the other 


messages, it is easy for an operator to fix his attention on one 


message and ignore the others. When a large number of dis- 
patches are being simultaneously transmitted it will be advisa- 
ble for the operator to listen to his telephone through a resona- 
tor which will reinforce to his ear the signals which he desires 
to observe. In this way he is enabled to direct his attention to 
the signals for any given message without being distracted or 
disturbed by the signals for any other message that may be 
passing over the line at the time.” The reference to a speaking 
tube in the above quotation applies not to figure 7, but to the 
instruments in patent No. 186,787. In the description of the 
instrument shown in figure 7, he states that the armature C is 
fastened loosely by one extremity to the uncovered leg of the 
electro-magnet. No methods are shown for adjusting the dis- 
tance of the armature to the magnet or for adjusting the ten- 
sion of the membrane. There is no indication anywhere in this 
patent that its purpose is the transmission of sounds possessing 
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quaility, and especially articulate sounds. I observe in the 5th 
claim the expression vocal sounds.” The expression vocal 
sounds ” had been previously used in multiple telegraphy in con- 
nection with the transmission of sounds of different pitch. As 
an instance, I refer to the deposition of Mr. Bell, vol. 1 of the 
Dowd record, page 458, where Mr. Bell states that he had re- 
ceived a letter from Dr. Blake, dated October 21, 1874, in 
which he referred to some letter that he had received from Mr. 
Elisha Gray, concerning experiments in telegraphing vocal 
sounds.” . 

In the quotation already made from patent No. 186,787, the 
use of the voice for tiansmitting signals of different pitch in ac- 
cordance with the Morse code is plainly stated. I find no indi- 
cation whatsoever in this patent of any purpose to transmit 
speech or articulate sounds requiring quality as well as pitch. 
No person unacquainted with the existence of the telephone 
could derive any suggestion of such use to be made by the in- 
strument represented in figure 7. The whole character and lan- 
guage of the patent would not convey the impression to 
any impartial person, already cognizant of the existence of the 
telephone, that the transmission of speech was contemplated by 
Mr. Bell, and had been effected by him at the date of this pat- 
ent. I also find that the instrument represented in figure 7 is 
so imperfectly described, and is so deficient in essential parts, 
and so faulty in construction, that no person, at the date of this 
patent, could have obtained speech therefrom by virtue of any- 
thing contained in the patent, except by the merest accident. 
If so great a discovery as the electric transmission of speech had 
heen made by Mr. Bell at the date of this patent, it would cer- 
tainly have been unmistakably indicated, and the instrument by 
which such an effect was produced would have been represented 
and described in such manner that it could have been con- 
structed by any skilled electric mechanician. As the electric 
transmission of speech is claimed by Mr. Bell to have been then 
first discovered or described, there were no persons skilled in the 
new art who could have supplied insufficiency in the description 
of the instrument. No sufficient description is given. In my 
opinion, the loose pivoting of the armatures in figure 7 de- 
scribed and represented, unfits them for the transmission of 
speech. It is a matter of notoriety that many persons at a later 
period, skilled in the art of telephoning, have been unable to 
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make an instrument, constructed according to the description 
and representation of the instrument shown in figure 7, talk. It 
is commonly understood that a Morse telegraph key, delicately 
adjusted, will transmit to a vibrating armature ora Morse relay, 
also delicately adjusted, almost all, if not all, the elements of 
speech. This does not, however, make Professor Morse the dis- 
coverer of the electric transmission of speech. 

The 5th claim referred to is for the methdd of and apparatus 
for transmitting vocal or other sounds telegraphically, as de- 
scribed in the patent, by causing electrical undulations similar 
in form to the vibrations of the air accompanying such vocal or 
other sounds. This claim, as I have already stated, is practi- 
cally for a method of multiple telegraphing in the manner de- 
scribed. 

5 Int. Referring to cross-interrogatories Nos. 44, 45 and 46, 
inclusive, addressed to Professor Cross in this case, and assum- 
ing the facts to be as stated in the answers to those cross-inter- 
rogatories, I will ask you if you find in the Bell patent, No. 
174,465, any information of the discovery of the art of transmit- 
ting speech, or any statement of the existence of such art? 

A. I do not. 

6 Int. Do you find therein a description of any apparatus 
the design and purpose of which are stated to be the transmis- 
sion of articulate speech? 

A. I do not. 

7 Int. In the Bell apparatus, as described in patent 174,465, 


has the voltaie current any other function than that of magnet- 


izing the electro-magnet? 

A. It has not. That is distinctly so stated by DuMoncel. 

8 Int. Has it any function in the transmission of speech? 

A. None whatsoever, except in magnetizing the magnet 
where an electro-magnet is used. . 

9 Int. In patent 174,465, and in figure 7, as there shown, 
may the electro-magnets be replaced by permanent magnets 
and the same effects be produced? 

A. The electro-magnets could be so replaced and the same 
effects would be produced. | 

10 Int. Referring to the distinction stated in patent 174,465 
between an undulatory and a pulsatory current, do you under- 
stand that there is any practical difference between a pulsatory 
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and an undulatory current for the purposes described in the pat- 
ent? 

A. Idonot. The undulatory current, so called, may be very 
abrupt and have all the characteristics of what is called a pulsa- 
tory current. 

11 Int. Is there any such thing as an instantaneous change 
of intensity in an electrical current? 

A. Practically there is not. 

12 Int. Doctor, I suppose it to be of course an apparent fact 
that there is but one electrical current known, and that when 
we speak of intermittent currents, or pulsatory currents, or 
undulatory currents, or any other kind of currents, if there are 
any others, we simply refer to modes of using and to variations 
effctive in one known current. Am I right in that? 

A. You are. 

13 Int. Have you read and do you understand the several 
publications with respect to the Reis telephone, particularly 
those known as the Journal of the Physical Society at 
Frankfort-on-the-Main,” the Journal of the German- Austrian 
Telegraph Association,” and ‘‘ Pisko’s Akoustik Apparatus,” and 
have you constructed and used apparatus made in accordance 
with such descriptions? 

A. I have read the articles referred to and believe that I 
understand them, and I have experimented with the Reis ap- 
paratus therein described. 

14 Int. Was the Reis apparatus, with which you say you 
have experimented, constructed in accordance with the descrip- 
tion given in the publications referred to? 

A. As nearly as I could judge, they were constructed pre- 
cisely according to the description. 

15 Int. Please describe the instruments constructed and op- 
erated by you pursuant to the description in the articles referred 
to, and state their mode of operation, and also state the exper- 
iments made by you and the results thereof. 

A. I have experimented with three forms of transmitters 
and two forms of receivers, constructed for the purpose by Dr. 
Waite, one of the defendants in this case. The first of these is 
known as the bored-block transmitter, consisting of a cubical 
block of wood through which a conical aperture has been bored, 
across the smaller end of which is stretched a membrane of pig’s 
intestine. Attached to the centre of this membrane is the end 
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of a small platinum strip, which is connected with a screw-cup. 
Bearing upon the end of this platinum strip, where it is in con- 
tact with the membrane, is a platinum point attached to another 
platinum strip which is carried off to a screw-cup. These two 
screw-cups being the terminal points or electrodes of the trans- 
mitter, to be connected, when in use, with the line wires, or one 
with the line wire and one with the earth. The second trans- 
mitter is that known as the Reis-Legat transmitter, consisting of 
a conical tube of brass or other metal with a membrane of col- 
lodion or an animal membrane, stretched across its smaller end, 
against the centre of which bears a small curved lever, making 
contact at its other end with an adjustable spring connected 
with one of the line wires. The other line wire is connected 
with the support of the small lever described. 

The third form of transmitter is that known as the cubical 
box transmitter, which is provided with a speaking tube by 
which the sounds of words spoken or sung communicate their 
impression to the air within the box and react upon a circular 
membrane which is stretched across an aperture on the top of the 
box. On the centre of this membrane, as in the case of the 
bored-block, is a platinum strip, the end of which is permanently 
attached to the membrane, and resting upon the end of this strip 
is a platinum point attached to a triangle, supported at the other 
two angles in such manner as to allow freedom of motion. One 
of these angles of the triangle is connected with a cup of mer- 
cury, which completes its communication with one of the line 
wires. The other line wire, or the earth, is connected with the 
small strip of platinum which is attached to the membrane. 

One of the receivers which I have used is what is known as 
the Reis-Legat receiver, consisting of a U-electro magnet sup- 
ported upon a sounding box, in front of the poles of which is an 
armature which can be adjusted by means of a spring and a stop, 
both regulated by screws. Attached to the armature is a strip 
of thin wood, which also constitutes the lever by which the 
armature is mounted. This strip of wood presents a considerable 
surface to the air, and also forms part of the elastically sup- 
ported armature in front of the poles of the electro-magnet. 

The second receiver is known as the Reis needle receiver, 
which consists of a small needle or rod of steel supported by two 
bridges upon a sounding box, around the centre of which is a 
spool of wire, the extremities of which are connected with the 
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two line wires, or with a line wire and the earth, where the 
earth is used. In operation in the same circuit with the trans- 
mitter and the receiver a voltaic battery is included. 

In the case of the bored-block transmitter the operation is as 
follows: In the case of speaking or singing into the conical cav- 
ity leading to the membrane, a variation takes place in the con- 
tact between the platinum strip attached to the membrane and 
the platinum point bearing upon it, and if the sound is loud the 
circuit will probably be broken. Previously, however, to break- 
ing the circuit, when the membrane is distended by the first 
vibration of the sound the platinum surface and the platinum 
point must slide over each other. If the membrane retracts 
suddenly, as it will probably do when transmitting loud musical 
sounds the return vibration of the membrane will be more rapid 
than the return of the platinum point, and contact will then be 
broken. 

It is necessary here to call attention to the fact that in Reis’ 
description of the operation of these instruments the transmis- 
sion both of speech and of music is described. For the purpose 
of the transmission of music, if simple pitch only is transmitted, 
the making and breaking of the circuit adds to the strength of 
the sound. In the case of the transmission of speech this would 
probably defeat articulation. 

In the operation of the cubical box transmitter the same es- 
sential action takes place between the platinum attached to the 
membrane and the platinum point bearing upon it. But in the 
case of the Reis-Legat transmitter there is a marked difference. 
In this case the initial vibration of the sound, instead of press- 
ing together the points of contact, separates. For purposes of 
transmission of music this form of apparatus would therefore 
probably produce the best result. With a battery in circuit be- 
tween one of these transmitters and one of these receivers, the 
current causes the wooden strip attached to the armature to 
copy closely the vibrations of the membrane of the transmitter. 
The theory of Reis, repeatedly stated, is the copying by the re- 
ceiving instrument of the vibrations communicated to the trans- 
mitting instrument. 

In the knitting needle receiver, the discovery of Paige, that 
a sound-producing change is effected in a magnet by its magneti- 
zation is used as a metho: of copying in the receiver the vibra- 
tions of the transmitter. In describing the needle receiver, I 
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should have mentioned the cover which is placed over the mag- 
netic needle, in contact with it, forming part of the receiver 
when in operation. 

All the forms of the Reis telephone operate by varying the 
current, where not actually broken, by varying the resistance. 
The variation of resistance is produced by the loose contact of 
electrodes, which is more or less perfect according to their rela- 
tive position, pressure and movements over each other. I refer 
to the contacts between the platinum strip and platinum points 
in the box form and in the bored-block, and to the contact be- 
tween the lever and the adjustable spring in the Reis Legat 
form. The mode of operation of all the Reis instruments is to 
produce a correspondence between the vibrations of the mem- 
brane aud the vibrations of the armature of the electro-magnet 
or of the knitting needle, by virtue of the changes of distance 
between the points of contact of the transmitting electrodes; 
these variations proceeding to the extent of breaking the circuit, 
where the sounds are sufficiently loud. The first mode of 
operation is particularly used in the transmission of speech, 
whereas in the transmission of musical sounds the vibrations 
may be so great as tu cause an actual interruption of the cur- 
rent. In the transmission of music the contacts might be en- 
tirely broken without injury; in the transmission of speech, the 
variation of the current without the interruption of the electric 
circuit is used.. 

16. Int. Doctor, interrupting you in your further answer, 
I would ask if you have read and if you understand the passage 
in Ferguson’s Electricity with respect to the Reis telephone, 
and also if you have examined and are familiar with the instru- 
ments known as the Van der Weyde telephonic instruments 
and the McDonough telephonic instruments? 

A. I have read and am acquainted with the description, in 
Ferguson's Electricity, of Dr. Wright’s modified form of the 
Reis telephone and believe that I understand them. Also I have 
examined and experimented with certain instruments made by 
McDonough, modifications of the Reis telephone, and with 
the Van der Weyde instruments, so-called, and believe that 
I understand them. 

17. Int. What is the essential modification made in the Reis 
telephone in the description in Ferguson’s Electricity referred 
to? 

A. In the form described by Ferguson as having been used 
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by Doctor Wright, an induction coil was introduced into the 
pi ĩmary circuit and the receiver was connected with a secondary 
circuit, the receiver consisting of a simple condenser made of 
two sheets of silvered paper placed back to back. I will add 
that I have constructed and experimented with this form of 
telephone. 

18. Int. I ask if you have examined and if you understand 
the operation, when connected in circuit, of the Van der Weyde 
instruments introduced in evidence in this case and known as 
Van der Weyde Transmitter No. 1, Van der Weyde Transmitter 
No. 2, Reproduced Van der Weyde Transmitter No. 2, ahd Van 
der Weyde Receiver No. 1, Van der Weyde Receiver Repro- 
duced No, 2, and Van der Weyde Receiver No. 3, which said 
several Van der Weyde instruments or exhibits I now show 
vou? 

A. I have seen them and understand their operation. 

19. Int. Now, Doctor, if you have made any experiments 
with any instruments constructed according to the description 
of the Reis telephone, or constructed according to the descrip- 
tion of the McDonough application, or constructed similarly to 
the Van der Weyde instruments now shown to vou, please state 
in detail when those experiments were made, where they were 
made, and by whom, and what was the result, and also give a 
careful description of the various instruments with which they 
were made. 

A. I have experimented with several of these instruments, 
in connection with Professor C. F. Brackett, of Princeton. 
Testing the Reis instrument first, not conjointly but separately, 
on the 25th of April last, I connected a molecular transmitter 
with a Reis-Legat receiver. In all of these experiments nothing 
was noted which was not verified by a repetition through a 
second or tell-tale circuit having common magneto instruments. 
With a molecular transmitter and Reis-Legat receiver the fol- 
lowing words were spoken and accurately repeated, Channing 
speaking: To be, or not to be? that is the question. How 
long will it take to cut those wheels! Did you get that? The 
Reis receiver works perfectly. Massachusetts. Did you get 
that? Three hundred thousand and twenty-four.” This was 
heard with perfect distinctness, Then, Professor Brackett 
speaking, Channing listening: ‘Four hundred and twenty-six 
thousand and twenty-four.” This was heard as four hundred 
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and twenty-six thousand and twenty-two.” T Do you think it “2 
will rain to-day? See if you can understand what I say now. 
Would you like to have some dinner about this time? Do you 
like mathematics as a study? What shall we do next?” 
The Reis-Legat receiver is, from my experiments, a practical 
instrument, talking with perfect distinctness and capable of 
being practically used. 
20. Int. Was the Reis-Legat receiver used by you in those 
experiments made in accordance with the description thereof in 
the Reis-Legat article, and if varied in any particular please . 
state how? 
A. The Reis- Legat receiver was made as precisely as may be 7 
from the description and representation in the Reis-Legat report. 3 
21. Int. Now go on with your experiments? 
A. With a molecular transmitter and a knitting needle re- 
ceiver, Professor Brackett speaking: ‘‘Do you understand 
what I say?” Repeated correctly. Channing speaking: Do 
you get me now? Do you get that?” Spoken with very little 
delay and every sentence repeated accurately. On 27th of 
April, at Princeton, the bored-block transmitter was connected 8 
with a Reis- Legat receiver, a battery being in circuit, using from 
one to three cells of Grove’s battery. Professor Brackett 
speaking, I heard: Do you understand what I say?” My 
answer through the magneto line was Tes. and I understand 
you perfectly—” Also reported back correctly through the 
magneto. Then Channing speaking, Professor Brackett listen- 
ing: One, two, three, four, five,” heard and repeated back; 
do you hear what I say?” heard and repeated back correctly. 
Then using the bored-block transmitter, induction coil and 
molecular receiver, Professor Brackett speaking: Hello! 
Hello! do vou understand what I say?” Channing speaking: 
Do vou hear me now! Do vou hear that? Do vou under- 
stand?” And whistling, distinctly heard and the words cor- 
rectly repeated. On the 2d of May, at Princeton, using the 
cubical box transmitter of Reis and the Reis-Legat receiver, 
Doctor Channing speaking: Do you hear me? Do you hear 
me?” Reported by Professor Brackett as very clearly and dis- 
tinctly heard and reported back. One. two, three, four, five; 
how old are you?” With a Reis cubical box transmitter having 
a scrap of carbon on the contact point, and speaking at a dis- 
tance of about eight inches from the mouth piece, connected 
conversation was carried on; unexpected remarks were made 
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and repeated back, both when the Regis-Legat electro magnet 
receiver was used, and also when the Van der Weyde receivers 
were used. In the U form of the Van der Wevde receiver a 
similar coarser coil magnet was used to adapt it to the battery 
emploved. In connection with the above experiment I used 
with the Reis box transmitter Doctor Wright's silvered paper 
condenser with the itiduction coil, as heretofore described. The 
carbon scrap being on the contact poĩut. words and numerals 
were spoken and heard. With the molecular transmitter a con- 
versation could be carried on; words and numerals were dis- 
tinctly heard. 

With the McDonough transmitter and receiver, constructed 
according to the exhibits in this case. on April 25th, Professor 
Brackett speaking, Channing listening: Hello! How do you 
get this? Do you get what I say?” Channing speaking, Profes- 
sor Brackett listening: Do you understand me? Do you get 
me now? I will try again. What shall we do next? What 
time is it?” We introduced here a resistance coil to reduce the 
current. Ne found the articulation improved. Channing said: 
The resistance helps. All of which was heard and repeated 
correctly. 

On May 6th with two Van der Weyde receivers, constructed 
like Exhibit Van der Weyde Receiver No. 1 and Exhibit Van 
der Weyde Receiver No. 3 (the straight and U magnet instru- 
ment), and with a molecular transmitter, sentences were trans- 
mitted perfectly and satisfactory conversation was easily car- 
ried on. The two Van der Weyde receivers as above were then 
connected together, a similar magnet with coarser wire coil be- 
ing substituted for the U magnet with a finer coil, in order to 
adapt the coils to the transmitter and the receiver to each other. 
With these instruments so connected, conversation was carried 
on betwern Professor Brackett and myself in the identical 
method described in the Bell patent No. 174,465, using them al- 
ternately as transmitter and receiver. They contained every- 
thing essential to the system and method described in that pat- 
ent. Either of these forms of instruments, duplicated and 
placed in circuit with a battery at distant stations, can be made 
to carry on intelligible conversation satisfactorily. 

Adjourned to May 21, 1534, at 10 A. M. 


J. A. WELCH. 
Special Examiner. 
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29 WALL sTREET, New York, 
May 2ist, 1884, 10 A. M. 


Direct examination of WII III F. CHANNING, resumed: 
By Mr. PeckHa™: 


22 Int. I call your attention to Exhibit Defendants’ Transmitter, 
and ask you if you have examined the same and understand the 
mode of operation thereof? 

A. I have done so, and understand the mode of operation. 

23 Int. Please state the mode of operation of Exhibit De- 
fendants’ Transmitter when connected in circuit with a battery 
and receiver, in respect particularly to its action on the voltaic 
current? 

A. This instrument is one of a class known as microphone 
transmitters, or variable resistance transmitters. It consists of 
a plate of cork adapted to absorb the vibrations of sound and 
communicate them to a loose contact arrangement consisting of 
pieces of carbon which are interposed in the course of the battery 
circuit. In the microphone transmitters there are two varieties 
one of which uses very definite contacts, such as the Reis and 
Blake transmitters; the other uses a very large number of loose 
contacts. To this latter class the Exhibit Defendants’ Trans- 
mitter belongs. The effect of the microphone transmitter is to 
vary the electric current in correspondence with the sound of 
vibrations brought to bear upon the transmitting diaphragm or 
plate, which in this case is of cork. 
transmission can take place by varying the direct 
current of the battery on the line wire or telephone circuit. It 
is common, however, to introduce an induction coil, and it is 
so done in the Exhibit Defendants’ Transmitter. The loosecon- 
tact transmitting element, where an induction coil is used, is 
connected with the battery and the primary circuit of the in- 
duction coil. When the electrical current of the primary or 
battery circuit is varied by the action of the sound waves upon 
the diaphragm, induced currents are originated in the secondary 
helix of thépduction coil, and these currents traverse the line 
wire and reproduce in the receiving instrument, with more or 
less accuracy, the vibrations imparted by the voice to the trans- 
mitting instrument. But these induced currents are two-fold; 
for everv wave of the primary current, two induced waves are 


excited, in opposite directions, closely following each other. 
4a This creates a theoretical difference between a telephone system 
rb. in which an induction coil is employed as originally by Dr. 
- Wright and one in which an induction coil is not employed. 
as 24 Int. Will you please compare the mode of operation of 
sa the transmitter, as described and shown in Patent No. 174,465, 
43 with the Exhibit Defendants’ Transmitter, and state wherein 
the mode.of operation in each is similar or dissimilar? 
| A. The transmitter, if it may be so called, in figure 
| 7 of Patent No. 174,465, acts by what is called magneto 
, transmission. As already said, the Exhibit Defendants’ 
| Transmitter acts by microphone transmission. These two 
3 systems of transmission are radically distinct. In magneto 
1 transmission, the electric current is varied by increasing or di- 
minishing the electro- motive force. This is effectéd by origin- 
Mating induced currents in a closed circuit, by the action of sound 
waves upon the diaphragm. In magneto transmission, the 
3 form of motion of the air particles producing the sound at the 
4 transmitting diaphragm is copied, as far as possible, in the mo- 
4 tions of the induced currents, and these motions, so far as they 
3 are practically alike, may be expressed by similar curves; but 
the copy of the air curve by the electric current is always much 
distorted. The diaphragm is acted upon by the attraction of 
the magnet before which it is placed, the attraction of which 
varies inversely as the square of the distance from a point some- 
where within the magnet itself; alzo by its own elasticity. It 
is also acted upon by sound waves of different rates, varying the 
inertia of its vibrations. The induced currents seut through 
the conducting wire are affected by its resistance. The reaction 
of the induced currents with the transmitting magnet and re- 
ceiving magnet, and with the line wire, induces extra currents, 
5 which are additive to or subtractive from the currents already 
Bf. > in the line wire and affecting the telephone. The curve repre- 
. senting the electric motion is thus changed, perhaps flattened, 
and its abrupt configurations probably lessened. The electrical 
copy, therefore, of the air curve is much distorted. This I un- 
derstand has been made the subject of a recent paper by Helm- 
holtz, showing the great difference between the original air 
curve and the electric curve. Thesound signals at the receiving 
end of the line are, therefore, much modified in practice. The 
magneto current induced by the vibrations of the diaphragm, 
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so far from being continuous, always ceases once in each single 
vibration. It consists of a succession of waves, and the undu- 
latory form of the carve representing it is not due to the sepa- 
rate and distinct electric waves simply, but is the algebraic pro- 
ä duct of such current multiplied inté the time through which it 
acts. The sound waves concerned in articulation are especially 
abrupt and pulsatory. This is admitably shown in the curves 
obtained by Professor E. W. Blake, reproduced on pages 54 and 
55 of the evidence for complainants in this case. 
transmission, which is the system of the Reis and 
Blake transmitters and of the Exhibit Defenants’ Transmitter now 
in almost universal use; and not the system of the Bell patents, is 
effected by varying the resistance to the electric current. This 
is much more complex than the undulatory system used by Bell 
in a closed circuit. The current is varied here in a great num- 
ber of ways. I will instance variation of contact and pressure 
between two electrodes, which may proceed to the extent of 
partially breaking the contact or of entirely breaking the con- 
tact. The contact between two electrodes is always a contact 
of distinct points, which may be treated as separate electrical 
conductors. Every variation of the contact may break the cir- 
cuit of a part of these conductors, leaving others intact, and so 
increase the resistance. This partial breaking of contact also 
induces secondary currents throughout the surfaces of the elec- 


experiments which tend to show that the electrodes in the 
microphone transmitter do not touch at all during a large part 
of the time while transmitting. In this case the discharge is 
probably a silent one through the film of air intervening be- 
tween the electrodes. In my own observations of the discharge 
between electrodes, made many years ago, I have noticed a sim- 
ilar silent discharge, unattended with any visible spark. 
There is, however, another method by .which transmission 
takes place between electrodes, which permits very great varia- 
tion of resistance. This is when the metallic circuit in which 
the electrodes are placed is completely broken, and a spark or 
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ants' Exhibit the Schellen Translation, as shown on the Dowd 
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arc passes between the electrodes. Telephones have heen con- 
structed in which no contact whatsoever was permitted between 
the electrodes of the microphone transmitter, the variation of 
resistance being probably due entirely to the greater length of 
spark or arc produced by the vibrations of the diaphragm. The 
spark or arc may be increased by increasing the number of cells 
of the battery or by introducing coils or magnets into the cir- 
cuit. It will be seen that the variations in resistance taking 
place between the microphone electrodes are very complex, pro- 
ducing almost an electrical convulsion in the circuit, at that 
point. The electrodes of microphone transmitters may be of 
metal, carbon or other substances. The Hughes microphones 
were some of them metal, some of them carbon. In the case 
of the microphone transmitters, the electric copy of the sound 
wave is always very imperfect. The reproduced voice retains 
only the general features of the original, and the reproduced 
voice contains almost certainly far fewer of the over tones and 
other sound vibrations than the original voice. 

I will add, that the resistance of conductors, such as the line 
wire, may crowd and retard a current to such an extent that 
small interruptions and breaks of the circuit may be partially or 
wholly obliterated. This is shown in the chemical record of the 
Bain telegraph, where the dots and dashes of Bain Code are 
connected by discolorations of the paper, showing that the cur- 
rent is more or less continuous between the signals. The in- 
equalities and breaks of microphone transmission are equalized 
in this as well as other ways. 

It will be seen from the above comparison of magneto trans- 
mission and microphone transmission, that there could not well 
be systems of electric telegraphy or electric telephony more dis- 
tinct than that described in the Bell patent No. 174,465 and that 
now commonly in use and embodied in the Exhibit Defendants’ 
Transmitter. The mode of operation of the Exhibit Defend- 
ants’ Transmitter is substantially different from that of the 
transmitter, if the name can be properly applied to one of the 
two corresponding instruments, shown in Figure 7 of the Bell 
patent No. 174,465. 

25 Int. I call your attention now, Doctor, to Bell Patent No. 


186,787, and particularly to the fifth and eighth claims thereof, 
and also at the same time I call your attention to the Defend- 
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Record, part 2, pages 694, 695, and to the drawing Figure 376 
therein, and I ask you whether the magnet shown in said Schel- 
len translation is substantially the same or substantially differ- 
ent from the magnet shown in Figure 5 in said Patent 186,787, 
.and particularly in reference to the coil on the end of the 
| ? 

A. The fifth claim in the patent referred to is for the forma- 
tion, in an electric telephone, of a magnet with a coil on the end 
or ends nearest the plate. This is a form of magnet which has 
been previously used in telegraphic instruments, giving great 
sensitiveness to electric changes. I refer to a magnet of the 
character represented in Figure No. 5 in connection with this 
patent. It is identical in every respect, so much so that it 
might be a precise copy of the magnet shown in Figure 376 of 
the said Schellen translation. 

26 Int. Calling your attention to the sounding box described 
and referred to in claim 6 of the said Patent 186,787, I will ask 
you whether you find any such sounding box in the Exhibit 
Defendants’ Receiver as is described in said claim 6 of the 
patent? 

A. I find no such soundiug box. On the contrary, it is most 

carefully omitted in the Defendants’ Receiver. A sounding box 
or air space behind the plate, in my experience, injures the 
articulation of the receiver. 
- 27 Int. Calling your attention to claim 7 in said Patent No. 
186,787, do you find in Exhibit Defendants’ Receiver any speak- 
ing or hearing tube for conveying sounds to or from the tele- 
phone, as shown in said patent? 

A. Ido not. A speaking tube interferes with the clearness 
of articulation, and is therefore carefully avoided in modern re- 
ceiving telephones, except where clearness of articulation is 
sacrificed to some other convenience or advantage. 

28 Int. Have you tried any experiments with a receiver sub- 
stantially the same in all respects as the Exhibit Defendants’ 
Receiver, with reference to ascertaining the purpose and mode 
of action of the goose-neck at the end of the permanent magnet, 
and if so, please state what experiments you tried and what, in 
your opinion, is the mode of operation of the receiver referred 
to in respect to the bent portion of the goose-neck at the end of 
the permanent magnet? | 

A. I have examined, in connection with Professor C. F. 
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Brackett, of Princeton, the goose-neck of the Exhibit Defend- | 
ants’ Receiver, by sifting upon it fine iron filings. These showed, 
by their arrangement under the influence of magnetic force, 
that the polarity of the goose-neck throughout is identical with 
the pole of the armature to which it is attached or of which it 
forms a part; with the single exception of the inner surface of 
the end of the goose-neck directly opposed to the end of the mag- 
net, which showed an opposite polarity by close surface induc- 
tion; but the whole of the body of the goose-neck manifested 
the same polarity with the end of the magnet to which it was 
attached. It is therefore to be considered a part of the mag- 
net, and not an armature. 


Adjourned to May 24th, 1884, at 10 A. M. 
J. A. WELCH, 
Special Examiner. 
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TESTIMONY TAKEN IN CASE, AMERICAN BELL TELEPHOXE Con- 
PANY AGAINST THE PEOPLE’s TELEPHONE & TELEGRAPH 
COMPANY STIPULATED INTO THIS CASE. 


Met pursuant to adjournment this Sth day of January, 1884, 
at 11 A. M. 
Present — Counsel as before. 


Pror. CHaRLes A. YOUNG, being duly sworn, deposes and 
says, in answer to the interrogatories propounded to him as fol- 
lows: 


1Q. What is your name, age, residence and occupation? 

A. Charles A. Young, age 49; residence, Princeton, New Jer- 
sey; occupation, Professor of Astronomy of the College of New 
Jersey, at Princeton, New Jersey. 

2Q. How long and to what extent have you been engaged 
in the study of the physical sciences, and what attention, if 
any, have you given to the subjects of electricity, and electrical 

acoustics, and the telephonic transmission of sounds? 

A. I have been engaged in the study of the physical sciences 
since my boyhood. My father was professor of Natural Phi- 
losophy and Astronomy in Dartmouth College, and before I en- 
tered college for several years was accustomed to assist him in 
the lecture room. In 1850, during my college course I was for 
some months an operator in the telegraph office then opened at 
Hanover. I graduated at Dartmouth College in 1853. In 1856 
I was appointed Professor of Mathematics and Natural Philoso- 
phy in Western Reserve College, Ohio, and remained there in 
that capacity until 1866, when I became Professor of Natural 
Philosophy and Astronomy in Dartmouth College. I remained 
until 1877. During these two professorships I gave continual 
instruction in acoustics and electricity. In 1877, I became Pro- 
fessor of Astronomy in the College of New Jersey. But, since 
my connection with that institution, I have kept up my interest 
in and acquaintance with and still give lectures on electricity at 
Mount Holyoke Seminary, Mass., and have written somewhat 
upon electrical subjects: I have. constructed and used numer- 
ous forms of telephonic apparatus, and am still more or less en- 
gaged in electrical experimentation at Princeton. 
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3 Q. State whether you have examined the following publi- 
_ cations relating to the telephonic apparatus of Philipp Reis: 
The Journal of the Physical Society, Frankfort-on-the-Main, 
1860 and 61; The Journal of the German-Austrian Telegraph 
Association, Volume 9, page 125, 1862; Pisko’s Acoustic Appa- 
ratus, 1865, and Reis Prospectus and Circular, 1863;” and if so, 
do you understand the construction and operation of the several 
forms of apparatus therein shown and described? 

A. I have examined the publications referred to and believe 
that I understand their contents. 

4Q. Please describe what you understand to be the construc- 
tion and operation of the Reis telephonic apparatus, when con- 
structed in accordance with the descriptions in the publications 
referred to in the preceding question and answer. 

A. Reis’ apparatus consists essentially of a receiver and a 
transmitter. In the different publications three different forms 
of transmitter and two of receiver are described. The first 
form of transmitter usually known as the bored block trans- 
mitter consists of a rectangular block of wood perforated with 
a conical hole. The smaller end of the orifice is closed with a 
tense membrane of animal tissue. To the centre of this mem- 
brane is cemented a small disc of platinum connected by a thin 
strip of metal to a binding screw. Opposite to the centre of 
this disc and in light contact with it is supported a pin of plati- 
num attached to a metalic arm which is connected with another 
binding screw. 

The second form of transmitter usually known as the lever 
transmitter, consists of a base board, upon which is supported a 
truncated cone, usually of metal, with its axis horizontal. The 
smaller end of the cone is covered with a tense membrane. A 
bracket is attached to the top of the cone for the purpose of 
supporting a lever. A light lever of metal like the letter 8, is 
mounted upon this bracket in such a manner as to move easily 
in a vertical plane. The lower extremity of the lever bears 
upon the membrane. The upper extremity is in light contact 
with the platinum contact piece, and is held in contact by a del- 
icate spring. The piece of metal which carries the contact 
piece is attached to an upright which is firmly fastened to the 
base board. An adjusting screw acting upon the piece of metal 
which carries the contact piece furnishes the means of properly 
anjusting this contact. The bracket and the upright which 
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carries the contact piece are provided with means of putting 
them in metallic connection with the line. 

The third form of transmitter known as the box transmitter, 
consists of a small hollow box, the cover of which is hinged. 
., This cover is perforated with a circular hole which is covered 
with a tense membrane. To the centre of this membrane is 
cemented a small disc of platinum which is connected by a light 
strip of metal to a binding screw. Two metallic posts are in- 
serted in the cover of the box outside of the membrane about 
90 degrees from each other. A thin strip of metal, bent at 
right angles, carries a pin at the angle which rests lightly upon 
the platinum disc. One extremity of the rectangular piece car- 
ries another pin which rests in a globule of mercury, supported 
upon the top of one of the two posts, the top of this post being 
excavated into a cup form for the purpose of holding the mer- 
cury. This post is connected with a binding screw. The other 
extremity of the rectangular hase is perforated with a hole 
which fits loosely over a pin atthe top of the other post. So 
that the rectangular piece is perfectly free to play up and down. 
A suitable mouth-piece is inserted into one side of the box. 

Of the two forms of receiver, one consists of a two-branched 
electro magnet, attached firmly in a horizontal position to the 
top of a sounding board. In front of this magnet at a little 
distance is secured an upright standard, which carries the arma- 
ture, adjusting screw, and adjusting spring. 

The upper extremity of this standard is bent at right angles 
and forked so that the forked extremity is very nearly above 
the poles of the electro-magnet. Facing the poles of the elec- 
tro-magnet is an armature attached to a broad light strip of 
wood or metal. 

This strip is supported by a wire from the forked extremity 
of the standard, so that the armature can swing like a pendu- 
lum in front of the magnet poles. An adjustable spiral spring 
is attached to the armature and the standard, tending to draw 
the armatare from the magnet poles. A suitable adjusting 
screw passing through the standard above the screw which ad- 
justs the tension of the spring, limits the play of the armature. 
The top of the sound board is perforated with orifices similar to 
those of musical instruments and provision is made for connect- 
ing the wire of the magnet to the line or to a battery. 

The other form of receiver consists of a sounding box having 
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the top perforated with two holes near its middle. Near the ex- 
tremities of the top of this box are secured two bridges in which 
are firmly fastened the two extremities of a steel rod or wire. 
The portion of this rod between the bridges is surrounded with 
a helix of wire, this helix being supported in such a way as not 
to touch the rod. The extremities of this helix are connected 
with binding screws by which they may be put in connection 
with the line or battery. A cover is hinged to the top of the 
sounding board which can be turned down in such a manner as 
to cover the helix and rod; and the top of this cover is per- 
forated with two holes which come nearly opposite the extremi- 
ties of the helix when the cover is closed. 

5 Q. Will you please state what you understand to be the es- 
sential elements of the transmitting instruments described in 
the publications referred to in question three? 

A. I understand the essential elements to be first a light con- 
tact between two conducting pieces; secondly, to or connected 
with one of these contact pieces that its vibration will modify 
the intimacy of their contact; thirdly, means by which these 
contact pieces may be put in connection with the electric 
circuit. 

6Q. Will you please state what you understand to be essen- 
tial elements of the receiving instruments described in the pub- 
lications referred to in the third interrogatory? 

A. In the first form described in my answer to question four, 
an electro-magnet, with an armature elastically supported in 
front of it, upon a suitable sounding-board in such manner that 
variations in the magnetic moment of the magnet will commu- 
nicate vibrations to the armature and sounding-board and so to 
the air. In the second form, a steel rod supported by bridges 
attached to a sounding-box in such a manner that deformations 
in this rod produced by vibrations in the strength of thé current 
circulating through the coils of the helix by which the rod is sur- 
rounded will communicate corresponding vibrations to the 
sounding box, and so to the air. 

7Q. State whether in any or either of the forms of trans- 
mitting apparatus, shown and described in the publications re- 
ferred to, you find any devices shown or described which would 
tend to preserve contact between the electrodes of said trans- 
mitting instruments, and if so, will you indicate what they are? 
A. In the bored block transmitter the elasticity of the piece 
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which carries the contact-pin performs this office. In the lever 
transmitter a special spring is used for the purpose. In the 
box transmitter the force of gravity is relied upon. 

8 Q. Referring to said Reis publications, do you or not find 
any statement therein in reference to the character of sound or 
any explanation of the mode in which sound vibrations, are 
produced, or any method illustrating sound waves? 

A. I do find such statements very clearly made. In his article 
on Telephony by means of the galvanic current,” there is a 
somewhat elaborate discussion of the manner in which sound vi- 
brations are produced in the ear, and a representation of sound 
waves, both separate and combined, by means of curves. 

9 Q. Do you find in ‘said publications any statement as to 
what conditions are necessary for the transmission or reproduc- 
tion of sounds or tones, and do you or not find in said publica- 
tions anything which indicates to your mind that the Reis 
apparatus constructed as therein described, was capable of 
transmitting and reproducing the character or quality of 
sounds? ae 

A. Ido. In the article referred to in the preceding answer 
to the eighth question, Reis says: As soon then as it is possible to 
produce anywhere and in any manner vibrations whose curves 
‘* shall be the same as those of any given tone or combination of 
„ tones, we shall receive the same impression as that tone or 
6 combiuation of tones would have produced upon us. With the 
above principles as a foundation I have succeeded in con- 
‘* structing an apparatus with which I am enabled to reproduce 
the tones of various instruments, and even to a certain extent 
„the human voice.” Further on in the same article he says: 
„Other experiments showed that the sounding-wire was ca- 
‘* pable of reproducing complete chords of three tones of a piano 
upon which the telephone was placed, and that it reproduces 
% equally well the tones of other instruments, accordeon, 
‘* clarionet, horn, organ-pipes, etc., provided that the tones are 
‘‘ within the compass F—f” * * * ‘“‘Hitherto it has not been 
possible to repruduce the tones of human speech (Tonsproche 
des Menschen) with a dstinctness sufficient for every one. The 
% consonants are for the most part reproduced pretty distinctly, 
‘* but the vowels as yet not in an equal degree. The cause of this 
“¢T will attempt to explain.” In the so-called Reis Legat Article, 
page 208, Spencer Record, we find the following: This also 
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% explains why chords and melodies were transmitted with mar- 
‘* vellous accuracy in the practical — hitherto made, 
‘‘ while single words in reading, speaking, etc., were less dis- 
* tinctly recognizable, although even in these the inflections of 
ce the voice, as in interrogation, exclamation, surprise, calling, 
‘* etc., were clearly reproduced.” 

10 C. Will you describe the operation of the apparatus 
shown and set forth in said Reis publications as you under- 
stand them? 

A. The transmitter and receiver are connected with each 
other by a conducting circuit in which is interposed a battery. 
When a sound ortone of any kind is produced at the transmit- 
ter, the membrane of the transmitter is put in vibration and by 
its vibrations affects the intimacy of the contact between the 
contact pieces or electrodes, corresponding vibrations follow in 
the strength of the current, transmitted through the electric. 
circuit. If the electro magnetic form of receiver is used, the 
variations of the current produce variations in the magnetic 
moment of the electro-magnet. The armature in front of the 
poles of the electro-magnet is thereby put in corresponding vi- 
bration and communicates these vibrations to the sounding-box, 
so that they can be heard by an ear applied to or near the sound- 
ing-box. If the second form of receiver is used the variations 
in the strength of the current produce corresponding deforma- 
tions in the steel rod, which are communicated as vibrations 
through the bridges to the sounding-box, so that they can be 
heard by the ear suitably applied. 

11 Q. Will you state whether or not you have tried any of 
the forms of apparatus shown and described in said publications 
with reference to their capacity to transmit and reproduce musi- 
cal tones, notes, chords, articulate sounds or speech, and if so, 
under what circumstances and with what result? 

A. I have made such experiments in the physical laboratory 
at Princeton in connection with my colleague, Prof. Bracket. 
On December 17th, 1883, we put up a Reis box transmitter in 
one room of the laboratory, and in another room a steel rod re- 
ceiver of the construction indicated in the Reis Pisko article, 
page 191 of the Spencer Record, with the exception that the 
electro-inagnet and key, represented on the side of the transmit- 
ter and receiver, were omitted. Batteries of various power were 
interposed in the -circuit at different times. Tunes sung by the 
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voice were easily transmitted and well heard. Some words and 
sentences were also transmitted. I heard Prof. Bracket say: 
What is the price of putty?” And I also heard Mary had 
a little baby.” On the morning of the 18th of December, 1883, 
we resumed our experiments. During the course of our experi- 
ments I head Prof. Bracket say, ‘‘ Little Jack Horner, etc.” 
Old Dan Tucker came to town, &c.” To be or not to be, 
that is, the question.” I also said to Prof. Brackett a num- 
ber of nonsensical sentences that he heard and reported cor- 
rectly. On December 25th, with a different box transmitter and 
a steel rod receiver we repeated our experiments with sim- 
ilar results. On December 27th we experimented with a trans- 
mitter of the lever form referred to in the Reis-Legat Article 
and the steel rod receiver, and we succeeded in transmitting nu- 
merals and a few other words. Musical tones, chords and melo- 
dies were easily transmitted by it. 

12 Q. State whether or not you have at any time, and if so, 
where, and under what circumstances, used a Reis transmitter 
or receiver in connection with other apparatus, to ascertain its or 
their capacity to transmit tones or articulate speech. 

A. I have done so, at Princeton, in connection with 
Prof. Brackett, on several occasions, especially on December 
$ist, 1883, and January Ist, 1884. Using the lever form of 
transmitter with the McDonough receiver, we obtained very sat- 
isfactory results. Whole sentences were transmitted. I said to 
Mr. Brackett and he correctly heard and reported, Mary had a 
little goat, it climbed upon the roof,” and other nonsensical sen- 
tences. This form of apparatus was tried both on the 3ist of 
December and the Ist of January. On January Ist we tried the 
Reis bored block transmitter and McDonough receiver with simi- 
lar and even better results. I said to Prof. Brackett, and he cor- 
rectly reported Mary had a little pig. It hada crooked tail 
and wore-spectacies.” And I heard him say similar nonsense. 
We then put a common microphone in place of the Reis trans- 
mitter and substituted a Reis steel rod receiver for the McDon- 
ough receiver. The apparatus talked very well indeed. The 
articulation was nearly as good as I have ever heard though not 
very loud. I heard Prof. Brackett repeat several verses of the 


ough receiver used in these experiments was substantially like 
—— 
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tion of James W. McDonough, filed April 10th, 1876. The Reis 
apparatus used by us in our experiments was made in substan- 
tial accordance with the descriptions and figures contained in the 
publications above referred to. 

13 C. Have you read the application of James W. McDon- 
ough for letters patent filed in the United States Patent Office, 
April 10th, 1876, marked ‘‘ Defendant’s Exhibit McDonough Ap- 
plication and File,” for Telologe and have you or not exam- 
ined the drawings annexed thereto, and if so, state whether you 
understand the construction and operation of the apparatus 
therein shown and described? 

A. Ihave read a certified copy of the said application and 
believe I understand the apparatus therein shown and described 
and its operation. 

14 C. Please describe the construction and operation of the 
apparatus shown and described in said McDonough application 
as you understand the same? 

A. The apparatus consists of a transmitter and receiver, con- 
nected by an electric circuit in which is interposed a battery. 
The transmitter consists of a metallic ring over which is stretch- 
ed a membrane. On each side of the centre of this membrane 
are cemented two strips of thin metal separated by a small inter- 
val. Light wires are led from these strips to the sides of the 
instrument for the purpose of making electrical connection. A 
light saddle shaped bridge of metal lies across, between the two 
strips, resting upon them merely by its weight. In the middle 
of the membrane between the strips rises an upright bolt or pin, 
firmly attached to the membrane. It passes freely through a 
hole in the highest part of the bridge and carries a screw-nut 
which can be adjusted so as to limit the play of the bridge piéce. 

The receiver consists of a rim or hoop of metal over which is 
stretched a membrane. About one-third of the way from its 
centre to the outer edge, a thin rectangular iron plate or arma- 
ture is firmly attached by rivets or cement in such a manner 
that the longer edge of this plate is parallel to the horizontal di- 
ameter of the membrane, the plane of the membrane being ver- 
tical. In front of this armature is placed an electro-magnet, so 
that its poles shall come very near the armature. Tho electro- 
magnet is so mounted that its distance from the armature can 
be readily adjusted, and provision is made for putting its coils in 
connection with the electric circuit. The board to which the 
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hoop is attached is cut out with a circular opening so that the 
ear can be applied near the membrane on the side opposite the 
magnet: i 


When used for the transmission of articulate speech, I under- 
stand the operation to be as follows: The speaker utters his 
words near the membrane of the transmitter, the membrane of 
the transmitter is put into vibration, and the vibration of the 
membrane affects the intimacy of contact at the points where 
the bridge piece rests on the metal strips, which are attached to 
the membrane. These variations in the contact produce corres- 
ponding variations in the strength of the current in the electric 
circuit. These variations of circuit produce corresponding varia- 
tions in the strength of the attraction between the electro-mag- 
net of the receiver and the armature attached to the receiver 
membrane. In this way the membrane of the receiver is put 
into vibration, and an ear applied on the side opposite the arma- 
ture will hear the corresponding sound. 

15 Q. Will you please state what you regard as the essential 
elements of the McDonough transmitter and receiver described 
in said application? 

A. I conceive the essential elements of the transmitter to be— 
First—a light contact between electrodes, viz: The bridge piece 
and the pieces of metal upon which it rests. Secondly—a mem- 
brane so connected with these electrodes that its vibrations will 
affect their intimacy of contact. Thirdly—the means putting 
these electrodes into connection with the electrical circuit. 

In the receiver I find as essential, first, an electro-magnet in 
connection with the circuit; next a thin plate or armature of iron 
or other magnetic metal in front of and near to the poles of this 
magnet, supported in such a way that it can vibrate in obedi- 
ence to the varying attraction of the magnet. Thirdly, a mem- 
brane or diaphragm firmly attached to this armature, so that 
the vibrations of the armature will produce and control the vibra- 
tions of said diaphragm. Fourthly, such arrangement of the 
parts as to provide for the convenient application of the ear of 
the listener and to exclude extraneous sounds. I also find in 
the transmitter a bolt or pin which I suppose to be useful in pre- 
venting the saddle piece from slipping out of place when used in 
a position other than horizontal. 

16 Q. Please state whether you have ever tried a McDonough 
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apparatus made in substantial accordance with that described 
and shown in said McDonough application, for the purpose of 
determining whether articulate speech could be transmitted and 
received thereby, and if so, under what circumstances and with 
what results? 

A. I have experimented with such apparatus and have been 
able to carry on conversation. My experiments were made in 
the physical laboratory of the College of New Jersey, in connec- 
tion with my colleague, Prof. Brackett. Our first experiments 
were made November 21st, 1883. We transmitted and reported 
to each other many words and several complete sentences. On 
November 30th we resumed the experiments and obtained still 
better satisfaction. We experimented again on the evening of 
December Ist with the same apparatus, and upon this occasion we 
obtained the finest transmission of articulate speech which I have 
ever heard. The clearness and beauty of tone was very remark- 
able. Prof. Brackett repeated several stanzas of poetry, which 
I heard perfectly. And [afterwards exchanged places with him 
with similar results. I have also used the McDonough receiver 
in connection with the Reis transmitter as stated in answer to a 
previous question. 

17 Q. State whether you now have in your pessession or un- 
der your control the McDonough apparatus with which you 
transmitted and reproduced words and sentences, as stated by 
you in your last answer? 

A. I have not. 

18 Q. Will you state whether the experiments with the 
McDonough apparatus above narrated by you, were conducted 
for the defendant in this suit, or for some other company or per- 
son, and if for any other company or person, will you please 
state what company or for whom such experiments were con- 
ducted? 

A. They were not conducted for the defendant in this suit, 
but for the so-called Overland Telephone Company of New Jer- 
sey. 

19 Q. Have you read the two Bell Patents in suit, Nos. 174,- 
465 and 186,787, for improvement in telegraphy, and if so, do 
you understand the contents thereof and the construction and 
operation of the apparatus therein shown and described? a 
A. I have read the two patents referred to, and I believe that 
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I understand their contents and the construction and operation 
2 — Sas Gas 


Adjourned by consent to Wednesday, January 9, 1884, at 11 
A. M. 
8. N. W. 


Met pursuant to adjournment. 
Present — Counsel as before. 


20 Q. Referring to said Bell patent No. 174,465, will you 
please state what you understand to be the apparatus referred 
toin the fifth claim thereof, and will you describe what you 
understand to be its operation and described object? 

A. I understand the apparatus to be that shown in figures 5, 
6 and 7. The operation of that described in figure 6 appears to 
be the following: At the transmitting end are placed a number 
of electro-magnets wound with a helix upon one leg of the 
magnet only. To the other leg of each magnet is firmly at- 
tached a steel reed of such length that its extremity comes over 
and very near the pole of the electro-magnet. In figure 6 three 
of these magnets are exhibited. Their reeds are each tuned to 
a separate note. At the receiving end there is the same number 
of precisely similar magnets, carrying reeds tuned respectively 
in unison with the reeds at the transmitting end. The magnets 
at the transmitting and receiving end are connected in a contin- 
uous electric circuit, containing a suitable battery. When one 
of the reeds at the transmitting end is put into vibration by a 
current of air or any other means, it induces magneto-electric 
currents in the helix of its magnet, which magneto-electric cur- 
rents or pulses are superposed upon the battery current. The 
corresponding reed at the receiving end is thereby put into vibra- 
tion and utters the same note. If the vibrations of the trans- 
mitting reed are alternately caused and interrupted, the corres- 
ponding receiving reed will exhibit corresponding sounds and 
silences, which may be utilized as telegraphic signals. 

If two or more of the transmitting reeds are operated simul- 
taneously, the corresponding receiving reed will respond; each 
receiving reed responding only to the vibration of its own 
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apparatus made in substantial accordance with that described 
and shown in said McDonough application, for the purpose of 
determining whether articulate speech could be transmitted and 
received thereby, and if so, under what circumstances and with 
what results? 

A. I have experimented with such apparatus and have been 
able to carry on conversation. My experiments were made in 
the physical laboratory of the College of New Jersey, in connec- 
tion with my colleague, Prof. Brackett. Our first experiments 
were made November 21st, 1883. We transmitted and reported 
to each other many words and several complete sentences. On 
November 30th we resumed the experiments and obtained still 
better satisfaction. We experimented again on the evening of 
December ist with the same apparatus, and upon this occasion we 
obtained the finest transmission of articulate speech which I have 
ever heard. The clearness and beauty of tone was very remark- 
able. Prof. Brackett repeated several stanzas of poetry, which 
I heard perfectly. And [afterwards exchanged places with him 
with similar results. I have also used the McDonough receiver 
in connection with the Reis transmitter as stated in answer to a 
previous question. 

17 Q. State whether you now have in your pessession or un- 
der your control the McDonough apparatus with which you 
transmitted and reproduced words and sentences, as stated by 
you in your last answer? 

A. I have not. 

18 Q. Will you state whether the experiments with the 
McDonough apparatus above narrated by you, were conducted 
for the defendant in this suit, or for some other company or per- 
son, and if for any other company or person, will you please 
state what company or for whom such experiments were con- 
ducted? 

A. They were not conducted for the defendant in this suit, 
but for the so-called Overland Telephone Company of New Jer- 
sey. 

19 Q. Have you read the two Bell Patents in suit, Nos. 174,- 
465 and 186,787, for improvement in telegraphy, and if so, do 
you understand the contents thereof and the construction and 
operation of the apparatus therein shown and described 
A. I have read the two patents referred to, and I believe that 
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of the apparatus therein described. 
Adjourned by consent to Wednesday, January 9, 1884, at 11 
A. M. 
S. N. W. 
Met pursuant to adjournment. 
Present — Counsel as before. 


20 Q. Referring to said Bell patent No. 174,465, will you 
please state what you understand to be the apparatus referred 
to in the fifth claim thereof, and will you describe what you 
understand to be its operation and described object? 

A. I understand the apparatus to be that shown in figures 5, 
6 and 7. The operation of that described in figure 6 appears to 
be the following: At the transmitting end are placed a number 
of electro-magnets wound with a helix upon one leg of the 
magnet only. To the other leg of each magnet is firmly at- 
tached a steel reed of such length that its extremity comes over 
and very near the pole of the electro-magnet. In figure 6 three 
of these magnets are exhibited. Their reeds are each tuned to 
a separate note. At the receiving end there is the same number 
of precisely similar magnets, carrying reeds tuned respectively 
in unison with the reeds at the transmitting end. The magnets 

at the transmitting and receiving end are connected in a contin- 
uous electric circuit, containing a suitable battery. When one 
of the reeds at the transmitting end is put into vibration by a 
current of air or any other means, it induces magneto-electric 
currents in the helix of its magnet, which magneto-electric cur- 
rents or pulses are superposed upon the battery current. The 
reed at the receiving end is thereby put into vibra- 
tion and utters the same note. If the vibrations of the trans- 
mitting reed are alternately caused and interrupted, the corres- 
ponding receiving reed will exhibit corresponding sounds and 
silences, which may be utilized as telegraphic signals. 

If two or more of the transmitting reeds are operated simul- 
taneously, the corresponding receiving reed will respond; each 
receiving reed responding only to the vibration of its own 
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correllative transmitter, and thus two or more telegraphic 
messages may be simnitaneously transmitted over the line, con- 
stituting the apparatus a multiple telegraph. 

The apparatus shown in figure 7 differs to some extent. At 
the transmitting end the instrument consists of a cone usually 
of metal similar to that used in the lever transmitter described 
in the Reis-Legat article. The smaller orifice of the cone is cov- 
ered with a tense membrane. In some way or other, not dis- 
tinctly indicated in figure 7, an electro-magnet, similar to those 
previously described in figures 5 and 6, is attached to the cone 
hy its uncovered leg, so that the pole of this magnet comes op- 
posite to the membrane about two-thirds of the way between 
the edge and the centre. To the uncovered leg of the magnet 
is pivoted a light iron or steel armature long enough to reach to 
the centre of the membrane or diaphragm. It is attached to the 
centre of the diaphragm by some method not indicated. The 
apparatus at the receiving end is precisely similar, except that 
the cone that carries the membrane and magnet tapers the other 
way. The two instruments are connected by an electric circuit 
containing a suitable battery. 

The operation of this apparatus, shown in figure 7, I under- 
stand to be as follows: When a musical tone is made near the 
transmitter, by the voice or some other means, its membrane is 
put into vibration and carries with it the armature attached to 
it. The vibrations in this armature produce, in the manner 
nreviously described, vibrations in the armature of the receiver, 
and so put the receiver membrane into vibration, producing a 
sound similar to that uttered at the transmitter. Alternate re- 
inforcements and interruptions of the sound at the transmitter 


will thus produce correspondingly intermittent sounds at the re- 


ceiver, which may be utilized as telegraphic signals. The appa- 
ratus ‘thus described has the advantage over that shown in 
figure 6 that there is no necessity of any previous tuning. If 
two or more musical sounds are simultaneously made near the 
transmitter, a composite sound made up of the two may be 
heard in the receiver or receivers at the transmitting end. And 
by using two or more receivers, or by arranging a single receiver 
so that two or more persons can listen to it at once, it is possible 
with this apparatus to transmit simultaneously two or more tel- 
egraphic communications. 

I understand the object of the apparatus referred to in the 
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fifth claim, as set forth in the accompanying specification, to be 
multiple telegraphy. 

21 Q. Will you please describe the construction of the appa- 
ratus referred to in said fifth claim, which is illustrated in figure 
7 of the drawings of said patent, and particularly point out 
what you regard as the essential elements? 

A. As described in my answer to the last interrogatory, the 
transmitter, as shown in figure 7, consists first of a truncated 
cone, over the smaller orifice of which is stretched a membrane. 
In front of this membrane is supported an electro-magnet hav- 
ing one leg wound with a wire helix, while the other is uncov- 
ered. A steel or iron armature is pivoted to the extremity of the 
uncovered leg of the magnet, so that if unconnected with any- 
thing else it would swing freely in a vertical plane in front of 
the magnet pole. The end of this armature is, however, at- 
tached to the centre of the membrane. The receiver is precisely 
similar, except that the cone which supports the membrane 
tapers so that the smallest extremity is farthest from the mem- 
brane. I regard as essential in this apparatus, first, the electro- 
magnets of the receiver and transmitter connected by a contin- 
uously closed circuit containing a battery or other electro-motor; 
next, armatures of iron, or other magnetic substance, so sup- 
ported in front of the magnet poles that they can vibrate to- 
wards and from said poles. 

THIRDLY. Membranes so attached to these armatures that 
when made to vibrate each will carry its armature with it, or if 
the armature is made to vibrate it will itself be put into vibra- 
tion by the armature, I regard as essential only so much of the 
cones as is necessary to support the membranes. 

22 Q. Referring to said Bell patent No. 174,465, will you 
please state what you understand to be the method described in 
the specification of said patent and referred to in the fifth claim 
thereof? a 

A. I understand the method to be a way of transmitting 
simultaneously several telegraphic signals over a continuous 
telegraphic circuit by causing the vibrations of an iron or steel 
armature produced by vocal or other sounds in front of an elec- 
tro-magnet to generate magneto-electric undulations in said con- 
tinuous telegraphic circuit and so producing corresponding 
vibrations at the receiving apparatus. 

23 C. Do you find any apparatus shown and described in said 
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Bell patent or referred to in the fifth claim thereof, for trans- 
mitting telegraphically vocal or other sounds, other than that 
which you have described, and which apparatus is illustrated in 
the drawings of said patent? 

A. Iknow of no apparatus shown and described in said . 
patent and referred to in said claim, other than that which I 
have already explained in my answers to previous interrog- 
atories. | 

24 C. Do you or not find any other method described in said 

patent and referred to in said fifth claim, for transmitting vocal 
or other sounds telegraphically, other than that which you have 
described in your answer to interrogatory 23? 

A. I do not find any such other method described or set 
forth. 

25 Q. Referring to said Bell patent No. 174,465, and to ex- 
tracts therefrom quoted by Prof. Cross, in answer to interroga- 
tory 15 of his deposition, do you find therein set forth any 
practical suggestion which would have enabled a person skilled 

in the art at the date of said Bell patent, to construct an instru- 
ment for the transmission of articulate speech? 

A. I do not find any such practical suggestion. 

26 Q. Referring to said Bell patent No. 174,465, do you find l 
any description or statement therein to the effect that articulate 
speech may be telegraphically transmitted and reproduced by 
any apparatus therein shown and described? 

A. I donot. 

27 Q. Referring to said fifth claim patent No. 174,465, state 
what you understand to be the meaning of the words ‘‘ vocal or 
other sounds” as employed in said claim? 

A. I understand them to be sounds suitable for use in multi- 
ple telegraphy, that is, musical tones of definite pitch, produced 
by the voice or other means. : 

28 Q. State whether you have examined the defendant’s | 
apparatus consisting of The Hopkins Transmitters,” ist, 2d 
and 3d forms, together with the two forms of receiver, and 
whether you understand the construction and operation of the 
same? 

A. I have not seen the instruments put into the case by the 0 
complainants as exhibits, but I have examined the figure oppo- 
site page 180 of the complainant’s record marked ‘ Hopkins’ F 
Transmitter,” which I understand to be the so-called first form 
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of transmitter. I have examined and used the so-called second 
form of Hopkins Transmitter” with quadrant mouth piece 
and also the third form. I have seen and examined both forms 
of defendant's receiver. 1 believe that I understand the con- 
struction and operation of all these instruments. 

29 Q. Please describe the Hopkins transmitters, which you 
have examined or experimented with? | 

A. In all three forms we have a circular plate or diaphragm 
of thin iron, firmly clamped in a horizontal position and carry- 
ing at the centre of its lower surface a disc or button of hard 
carbon with the under surface polished. At a little distance be- 
neath this is placed a small iron, narrow necked bottle, contain- 
ing mercury. In this is immersed a float rod through the axis 
of which a metallic wire passesfrom end toend. This float rod 
stands vertical and the height of the mercury bottle in its sup- 
porting frame can be adjusted so as to cause the upper extre- 
mity of this float rod to press lightly against the carbon attached 
to the 

In the third form of transmitter, the wire at the top of the 
float rod is tipped with platinum and presses directly against the 
carbon button of the diaphragm. 

In the Ist and 2nd forms a small button of hard carbon with 
polished upper surface rides loosely upon the wire at the upper 
end of the float rod, and is pressed gently against the carbon 
button of the diaphragm. 

In all the forms the mercury of the bottle is connected to one 
part of the electric circuit and the diaphragm to the other in 
such a way and with such insulations that if the carbon of the 
diaphragm separates from the electrode carried on the top of 
the float rod, the circuit will be broken. 

In the first form of this transmitter the mouth-piece is 
shaped like that of the ordinary ‘‘ butter stamp ” telephone and 
is placed horizontally; while in the second and third forms a 
curved mouth piece is added with its opening in a vertical plane. 
This opening is usually covered with wire gauze. 

30 Q. Have you ever tried a Hopkins transmitter connected 
in an electric circuit with defendant’s receiver for the purpose of 
determining the operation of said transmitter in the transmis- 
sion of articulate speech? 

A. I have experimented with such apparatus in the Physical 
Laboratory at Princeton about the 29th of December, 1883. Two 
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complete sets of the apparatus, each consisting of a transmitter 
of the second and a receiver of the first form with the usual 
magneto call bell attachments, were set up in two separate 
rooms, and Prof. Brackett and myself tried them in various 
ways. 

310. Did you find the said apparatus capable of transmit- 
ting and reproducing articulate speech? 

A. Wedid. 

32 Q. Will you please describe the operation of the said Hop- 
kins transmitters as you understand the same when interposed 
in an electric circuit and used with a receiver like either of the 
defendant's in transmitting articulate speech. 

A. I understand the operation to be as follows: When artic- 
ulate speech is uttered near the mouth-piece of the transmitter, 
the membrane of the transmitter is put into vibration, carrying 
with it the button of hard carbon attached to its centre. These 
vibrations affect the intimacy of contact between said diaphragm 
button and (in the first and second form of transmitter) the 
carbon button which is carried on the top of the float rod. 

In the third form of transmitter it will be remembered there 
is no carbon button on the top of the float rod. And it is the 
intimacy of contact between the diaphragm button and the pla- 
tinum tip of the float rod which is thus affected by the vibra- 
tions. As a consequence we get variations in the strength of 
the electric current, which variations correspond more or less 
perfectly to the aerial vibrations produced by the uttered words. 
These variations of current produce their effect upon the re- 
ceiver, so that the listener hears the uttered words more or less 
perfectly reproduced and in an intelligible manner. 

33 Q. Will you please compare the defendant’s transmitter 
and its operation with the transmitting apparatus shown and 
described in said Bell patent, and referred to in the fifth claim 
thereof, and point out their similarities and differences? 

A. I have made the comparison called for by the question, 
and I find no similarity, except that both possess diaphragms 
by the vibrations of which they produce variations in the 
strength of the electric circuit, corresponding more or less per- 
fectly to the aerial vibrations which set the transmitters in 
operation. In the Bell transmitters, as illustrated in Figures 5, 
6 and 7, the variations in the electric current are produced by 
means of the vibration of an iron armature, in — 
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tro-magnet, thus superposing magneto electric impulses upon a 
continuous current, flowing through a continuous and unbroken 
electric circuit. In the Hopkins transmitter the electrical varia- 
tions are produced by slight relative motions between two elec- 
trodes in delicate contact, which variations produce changes in 
the resistance of the electric circuit. I find in the Hopkins 
transmitter no electro-magnet nor armature, nor any equivalent 
therefor. 

34 Q. Will you please compare the defendant’s apparatus 
with the apparatus shown in the Reis publications and in the 
McDonough application of April 10th, 1876, pointing out their 
similarities and differences, if any, and state whether in your 
opinion, said apparatus belongs to the same or different 
classes? 

A. On making the comparison called for by the question, 
and referring so far as necessary to my descriptions of the ap- 
paratus referred to, given in my preceding answers, I find that 
the essential elements of all the transmitters are the same. We 
have in all of them a loose contact of electrodes, in such connec- 
tion with a diaphragm that the intimacy of their contact will 
be disturbed by sounds uttered near said diaphragm, and will 
thus produce electric variations in the circuit. In the Reis trans- 
mitter the electrodes in loose contact are metallic, and have but 
a small surface. In the McDonough transmitter there are two 
separate joints of loose contact, and the touching surfaces are 
narrow streaks of considerable length. In the Hopkins trans- 
mitter one surface of contact (and, in most forms of the instru- 
ment, both) is composed of carbon. In the Reis transmitter 
(box form) and the McDonough, gravity is relied upon to pre- 
serve the contact, while in the Hopkins transmitter the floating 
power of mercury affords a very delicate means of obtaining the 
proper adjustment. The use of carbon for the surface of con- 
tact and the delicate adjustment of pressure in the Hopkins 
transmitter, constitute a very important improvement. I also 
find an essential resemblance between the electro-magnetic form 
of the Reis receiver, the McDonough receiver, and that used by 
the defendant. We have in all of them a mass or armature of 
iron so elastically supported in front of, an electro-magnet, that 
variations in the attractive power of said magnet will produce 
vibrations of said armature, and said armature is so connected 
with a diaphragm or sounding board that its vibrations will pro- 
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duce an audible sound. The principle differences are as follows: 
In the Reis instrument we have an ordinary two branched elec- 
tro-magnet as also in the McDonough, while in defendant’s re- 
ceiver first form we have a straight electro-magnet wound with 
a single helix, and mounted on one pole of a peculiar, heart 
shaped permanent magnet, so that the core of this electro- mag - 
net is kept permanently magnetized. In the Reis receiver the 
armature is mounted in the method I have already described, 
and not attached to any diaphragm, but indirectly connected 
with the sounding board by means of its supports. In the 
McDonough, the armature is a thin plate of iron directly at- 
tached to a membraneous diaphragm. In the defendant’s receiver 
the entire diaphragm is itself a thin plate of iron, performing 
the double function of an armature and a vibrating membrane. 
Both the McDonough receiver and the defendant’s receiver are 
provided with a suitably shaped aperture for the application of 
the listener’s ear, which is wanting to the Reis receiver. 

In the second form of the defendant’s receiver we have the 
same iron diaphragm and one legged electro-magnet, but the 
core of this magnet is maintained in a permanently magne- 
tized condition by 6 small permanent magnets which all touch 
the core of the helix at the extremity farthest from the dia- 
’ phragm, and from this point curve around like the ribs of an 
umbrella, until they all touch the outer edge of the diaphragm, 
thus maintaining the diaphragm itself in a permanently mag- 
netic condition, and so intensifying the action of the electro- 
magnet on the diaphragm when used as a receiver. These re- 
ceivers all belong to one and the same class of electro-magnetic 
receivers. 

35 Q. Will you please compare the receiver shown and de- 
scribed in the McDonough application of April 10th, 1876, with 
the receiving apparatus shown and described in the Bell Patent 
No. 186,787, and state wherein, if at all, the receiving apparatus 
shown in said Bell patent is substantially like said McDonough 
receiver, giving your reasons for any opinion you may ex- 
press. 

A. On making the comparison requested by the question, I 
find the instruments to be substantially like in the following re- 
spects. I find in both an electro-magnet interposed in the tele- 
graphic circuit. In both a mass or armature of iron elastically 
supported in front of the magnet, and in such a manner that it 
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will vibrate under the influence of variations in the attractive 
power of the magnet. This armature being so connected with a 
diaphragm of considerable surface that it will communicate its 
vibrations to the surrounding air and produce audible sounds, 
corresponding to the variations which have been impressed upon 
the electric current by the action of the transmitter. Ialso find 
provision for conveniently applying the ear of the listener to 
hear the sounds produced and for excluding more or less per- 
fectly the influence of extraneous noises. For these reasons I 
consider these instruments to be essentially similar, differing 
only in details. 

36 Q. Referring to the fifth and eighth claims of the Bell 
Patent No. 186,787, will you please state whether you find any 
magnet therein described substantially like that described in 
any publication or patent in evidence as an exhibit or exhibits 
in this suit, naming said publication or patent, if any you 
so find? 

A. I find the magnet shown in figure 5 of the drawings of 
said Bell patent referred to and described in said fifth and eighth 
claims. I find a substantially similar magnet to have been used 
in the well known Hughes printing telegraph, which magnet is 
figured and described in Schellen’s work upon the electro-mag- 
netic telegraph. A translation of the passage with figures is given 
in the record of the Dowd Case, Part Second, Defendant’s Ex- 
hibit, pages 694 and 695. I also find an electro-magnet sub- 
stantially similar though differing in form. described and figured 
in Patent No. 32,478, issued to A. G. Holcomb, June 4th, 1861. 

87 Q. What, if any, is the advantage of a magnet of the 
above described form over one of the ordinary construction? 

A. It responds more quickly by variations of its magnetic 
power to changes in the strength of the current flowing through 
its coil. The ultimate effect of changes in the ‘intensity of the 
electric current is no greater, but the response is quicker. 

38 Q. State whether, in your opinion, there is any practical 
difference between the so-called pulsatory and undulatory cur- 
rents referred to in the specification of said Bell Patent No. 174,- 
465, giving your reasons for any opinion you may express in the 
premises. 

A. Undoubtedly such a distinction is ideally possible. But with 
any practical telegraphic circuit of any considerable length and 
with any ordinary apparatus, the distinction practically vanishes 
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whenever the variations in the strength of the current are 
periodic and exceed in number a few hundred per second. The 
self-induction of the line and other causes, round off and render 
gradual changes in the intensity of the current. 

39 Q. Have you examined, and if so, do you understand the 
contents of the Varley Patent which appears between pa. es 
546 and 566, Part Second, of the Dowd Record? 

A. I have read said patent and believe I understand it. 

40 Q. State whether you find in said patent any thing relat- 
ing to the employment of undulatory currents in telegraphy, 
and, if so, please briefly indicate what it is! 

A. Ido. On page 554 of said record, Mr. Varley says: By 
my invention, I superpose upon the currents used in working 
„the ordinary telegraphs rapid undulations or waves 
t and by new apparatus hereinafter described, these undulations 
are made to produce distinct and independent audible or other 
„signals so long as these undulations are produced, whether 


ordinary signals be flowing or not.” 


On page 564 he says: ‘I also claim the construction of elec- 
** tlic telegraphs with, at the transmitting station, an instru- 
„% ment capable of originating in the line wire a succession of 
ic rapid and regular electric waves.” The same claim is repeated 
several times in the patent. He describes several forms of ap- 


paratus for producing such waves, one of them is essentially as 


follows: A bundle of iron wires about an inch in diameter and 
thirty-two inches long (see page 556 of said record), is sur- 
rounded near the middle by two coils of wire wound in opposite 
directions and so connected with a tuning fork and local battery 
with electrodes so arranged that by the vibrations of the tuning 
fork the current of the local battery will be alternately trans- 
ferred from one of these coils to the other, thus rapidly revers- 
ing the polarity of the iron core. 

The magnetic inertia of this core is so great that there will 
never be an instant during which its magnetic condition will not 
be constant. A secondary coil is wound over the primary coil 
(as in an ordinary induction coil) and interposed in the circuit of 
the line. The consequence is a regular succession of electric 
waves of nearly sinusoidal form, alternately positive and nega- 
tive, superposed upon the steady current of the line produced by 
the batteries in the line circuit. 

41 Q. State whether, in your opinion, there is any substan- 
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tial difference between the so-called undulatory current em- * 
ployed in the apparatus shown and described in the Bell Patent 3 
No. 174,465, and the rapid undulations or waves employed 
in the apparatus shown and described in said Varley patent, 
giving your reasons for any opinion you may express. 

＋ . A. I think there is no substantial difference. In neither case 
4 is there any finite time during which the strength of the undu- 
l latory current is not increasing or decreasing. And the 
v strength of the undulatory current at any given moment 
would be represented by approximately similar formul in both 

cases. a 


a Adjourned by cunsent until Thursday the 10th day of Janu- 
i? ary, 1884, at 11 A. M., S. N. W. 


Met pursuant to adjournment this 10th day of January, 
1884. 
Present—Counsel as before. 


EXAMINATION CONTINUED: 


42 C. In view of the comparison which you have made and 
the differences which you have pointed out between the defend- 
2 ant’s telephonic apparatus and its operation, and the method and 
5 apparatus described in the fifth claim of Bell Patent No. 174, 
465; state whether, in your opinion, the Hopkins transmitter 
(either form) when properly connected in an electric circuit with 
the defendant’s receiver (either form) and used for the transmis- 
sion of articulate speech, employs the method or embodies the 
apparatus described and referred to in the fifth claim of said Bell 3 
patent? 4 
A. In my opinion it does not. 1 
CROSS-EXAMINATION OF Pror. CHarRLES A. Younc By E. N. 
DICKERSON, Esq.: 


43 x-Q. Do you know what is the meaning in electrical 
phraseology of the terms circuit breaker,” make and break ” 
E and “interrupter,” if they have any definite meaning? 4 
: A. I believe I do. — 


44 x-. What is the meaning of the term circuit breaker.” 
A. It is an apparatus which introduces into the electric cir- 
cuit a resistance practically infinite, or at least so great as to 
render the electric current negligibly weak, that is, so weak as to 
have no practical effect. 

45 x-Q. That is to say it interrupts all the current, except 
what might theoretically considered be supposed capable of 
passing through the atmosphere without exhibiting any evidence 
of its presence? 

A. I mean to say that when it has completed its function of 
breaking the circuit, such is the case. During the time while 
the operation of the circuit breaker is proceeding towards com- 
pletion, a continually decreasing current flows through the line, 
and at the point or points at which the break is finally to be 
made. If there are magnets or other inductors in the circuit, I 
do not mean to assert that there will be a steady diminution, as 
so-called extra currents will be likely to arise in the cir- 
cuit. But the final result will be a practical cessation of 
flow. 

46 x-Q. Is not the Morse key, so-called, used in telegraphy, 


principle which you have described in your last answer? 

A. In its ordinary use, by the hand of an operator, it is. 

47 x-Q. Is not the term interrupter” synonymous with the 
term circuit breaker” in the art of telegraphy? 

A. I so consider it, as terms are used at present. 

48 x-Q. So far as you know the art, was there any time 
when the words circuit breaker or interrupter had any 
other signification, when applied to electric currents and appara- 
tus, than they now have? 

A. I think that when first undulatory or pulsatory currents 
of short period began to be used in the art, the term was 
to certain forms of apparatus which, though not breaking the 
circuit completely in the manner above described in the per- 
formance of their actual function, were yet called “ circuit 
breakers ” or “‘ interrupters,” because they were 2 of and 
adapted to breaking the circuit. 

49 x-Q. Does not the verb «to make and to break” a circuit 
signify, in the art, that the circuit is actually interrupted and 
re-made? 

A. It now does. 


a familiar example of a circuit breaker operating upon the 
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50 X-. Has there been any time before 1876, to your knowl- 
edge, when in the art of electricity the verb to make and to 
break” a circuit met with in the literature of the art, did not 
describe and signify an actual circuit breaking operation; and if 
you say there was such a time, point out to the Court the tech- 
nical dictionary, or the work on electricity, in which the 
verb ‘‘to make and to break” a circuit is defined as having 


other meaning? 
A. Icannot point out any such dictionary; but the term 


was applied in. certain cases where, in the light of our present 


knowledge, it is at least doubtful whether the circuit was 
ever actually interrupted, or whether there was anything 
more than a considerable variation produced in the strength 
of the current. I do not mean to deny that there may have 
been in these cases an actual make or break in the sense now 
understood. I only say the fact is doubtful and not universally 
admitted. 

51 x-Q. As you must know, I did not ask you anything about 
the operation of any apparatus before 1876, nor did I ask you 
what, with our present knowledge, we may make any apparatus 
existing before 1876 do. What I wish to know from you is the 
meaning of the verb to make and break as it was understood 
by electricians in the art before 1876? 

A. The word make and break was used to designate 
the effect of an apparatus similar to that found in Reis trans- 
mitters. 

52 x-Q. Question repeated; and the witness is instructed to 
answer, if he knows, what was the meaning in the art of 
electricity of the verb ‘‘to make and break ” a circuit, before 
1876? 

A. The only way I know for obtaining the definition of 
a term is by reference to the usage of writers who use that 
term. 

53 x-Q. Question repeated; and the witness is again asked 
whether the verb to make and break a circuit was understood 
before 1876, in the art of electricity, to signify anything but an 
actual interruption and reéstablishment of an electric circuit, so 
far as he knows and believes? 

A. I do not think that before 1876 electricians who used the 
expression to make and to break a circuit understood it to mean 
anything but an interruption and reéstablishment of an electric 
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circuit; though, as I have said, they applied the term in cases 
where their understanding of the matter may or may not 
have been incorrect. 

54 x-Q. Now, can you refer the Court to any publication 
made before the time when the infringers of Bell’s patent set up 
the claim that Reis was the inventor of the microphone in which 
they,“ meaning electricians, used the verb to make and break 
a circuit to express any other phenomenon than the inter- 
ruption of a circuit. If so, name those electricians and refer 
the Court to their statements and to all of them which 
you may say prove that they understood that verb. to sig- 
nify an operation which is now performed by the operation of a 
microphone. 

A. I do not now recall any other instance of an apparatus 
involving a so-called circuit breaker” similar to that of the 
Reis apparatus, except the Reis apparatus itself in its different 
forms. Electricians used the expression, make and break, in 
describing the action of the Reis apparatus as quoted in differ- 
ent publications relating to the Reis apparatus which have been 
referred to in interrogatory 3. 


55 x-Q. I infer from the tone of your answers that you mean 


to swear that in your opinion Reis used the expression, circuit 
breaker, and to make and to break a circuit, to convey some 
other idea than that the apparatus ‘actually interrupted the 
circuit at each vibration. Now, will you point out to the Court 
every paragraph of Reis’ writing in which, in your opinion, he 
conveys the idea that he did not mean to interrupt the cir- 
cuit by his apparatus, but did mean to describe an operation 
which is now known to be performed by what we now call 
a microphone? 

A. I did not mean to swear anything as to Mr. Reis’ opinion, 
or his intention in using the expression, circuit breaker. I 
think, however, he used the expressions circuit breaker, 
„make and break” and “interruptions” to denote an action 
substantially the same as ees aan enemas tanta 
phone. 

56 x-Q. Won’t you do me the favor to quote on “the record 
all those passages from Reis in which you say he used 
to denote an action substantially the same as that of the more 
% modern microphone? 

A. I make the following quotations: first, Report of Reis’ 
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t lecture, Frankfurter Conversations Blatt, November 29th, 
“1861 * * * . Assoon, then, as the sound waves set the 
membrane in vibration, the elastric strips of metal fastened to 
the same will make the same vibrations, will alternately rise 
and fall, thereby touching the other elastic strips and so mak- 
** ing and breaking the current.” 

** Reis Lecture. Yahres Bericht des Physikalischen Vereins 
** gu Frankfurt-am-Main, fur das Rechumigs Yahr, 1860-1861 
4 * H now tones or combinations of tones are pro- 
t duced in the neighborhood of the block, so that sufficiently 
% powerful waves enter the opening a, then these sounds cause 
the membrane 6 to vibrate. At the first condensation the 
„ hammer-like wire d is pushed back; at the rarefaction it can- 
not follow the retreating membrane, and the current travers- 
ing the strip remains broken (Strom bleibt so lange unter- 
" brochen bis, etc.), until the membrane forced by a new con- 

** densation again presses the strip (proceeding from p) against 
*. In this way each sound wave causes a breaking and clos- 
ing (ein oeffnen und ein schliessen) of the current (Stromes).” 

‘* Reis Exhibition of 1861—Fortechrite der Physik, XVII., for 
41861, pp. 171-3 * * II now tones * * these 
e waves will set the membrane into vibration; by the outward 
motion of the membrane the platinum strip cemented on it is 
pressed against the hammer-shaped wire d and the galvanic 
current (Strom) is closed (geschlossen); by the inward motion 
of the membrane the current is reopened.” 

* Reis-Legat Article—Journal of the German Austrian Tele- 
„graph Association, V. 9, p. 1, 1862. * The lever cd 
follows the movements of the membrane and opens and closes 
‘* (aéffuet und schliesst) the galvanic circuit (Kette) at d g, so 
that at each condensation of the air in the tube the circuit is 
% opened, and at each rarefaction the circuit is closed (ein oeffen 
und ein Schliessen erfolgt). Industrial Gazette No. 11, May 
„the 1963, No. 22, page 249. * * By reason of their vi- 

% bration the membrane is set into vibration, and by this means 

operates the opening and closing of the electric conductor.” 

“* Bottger’s Article—Bottger’s Polytechnisches Notizblatt, 1863, 
% No. 61. * * * then at every vibration of the membrane 
an interruption of the current of electricity (Unterbrechungen 
der stromung der Electricitat) will be caused. 
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Reis Letter to Ladd Journal of the Society of Telegraph 
„Engineers and Electricians for March, 1863, No. 46. * * * 
If a person sing at the Station A, * and thus will 
‘“ open the stream (current) at every condensation of air in the 
% box, the stream will be reéstablished at every rarefaction.” 

4 British Association Report on Reis Report of the Thirty- 
third meeting of the British Association for the Advancement 
% of Science, in August and September, 1863, published 1864 
‘cet & * 

When, immediately the membrane begins vibrating in ac- 
‘* cordance with the note sounded and at each vibration breaks 
contact between the pin and plate at the centre.” Reiss de 
c scriptive circular (2d) * * Their vibrations will put 
mn motion the membrane and the angular little hammer (win- 
„ kelf6rmige Hiammerchen) which lies on it; for every full vi- 

„ bration the circuit is once opened and again closed (einmal 
c gedfuet und wieder geschlossen), and thereby are produced 
at station C, in the core of the coil, &c.” 

Gartenlaube: Reis improved apparatus (The Gartenlaube, 
No. 51, December, 1863). At every vibration of the mem- 
‘* brane an interruption of the electric current (unterbrechung 
‘* des electrischen Stromes) takes place by the platina point part- 
ing from the platina strip.” 

Cosmos des :ription of Reis- Cosmos, Vol. XXIV., pages 
349, 352, printed and published at Paris, March 22d, 1864. 
** * “*So in the same manner the electrical contacts are 
„ successively established and broken between the two strips of 
platinum.“ Koenig's description of Reis-From Koenig’s ‘Cat- 
* alogue des Appareils d’Accoustique’, Paris, 1865, page 5 
Each vibration in pushing away the point from 
the platinum plate will produce an interruption of the cur- 
se rent.” a 

Pisko's description of Reis-Pisko. Die neueren Apparate 
der Akustik, Vienna, 1865, pp. 94 ef Se.. * * then a cur- 
rent is established (page 95) of the membrane.” 

Reis Prospectus—From Pisko Pisko’s Neueren Apparate 
der Akustik, Wien, 1865, p. 241, * * the circuit is 
‘* alternately opened and closed at every full vibration.” 

Kuhn's description of Reis—Haudbrich der Augevandten 
“* Elektricitatslehre, von Karl Kohn, 1865, pp. 1017-1021 * * * 
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Lever c d follows the motions of the membrane, and opens and 
‘* closes the circuit.” ‘‘ Hassler’s-description of Reis—Hassler’s 
Technical Physics, Vienna, 1866, Vol. L., p. 648 * * * and 
„ the current is interrupted and a similar interruption occurs, 
‘6 Kc.“ 

‘* Ferguson’s description of Reis—Extract from publication 
entitled Electricity,’ by Robert M. Ferguson, London, 1867, 
“nage 257 * * * It is easy to understand how, for every 
vibration of the membrane, the hopper will be thrown up for 
„the instant from connection with its support, and how the 
‘¢ close circuit is thus broken at every vibration.” 

‘* Millers-Pouillet’s description of Reis—Lehrbuch der Physik - 
und Meteorologie, Von Joh. Müller, Siebente Auflage, Zweiter 

‘* Band, 1868, pp. 386-388 * * * . When the breaks (Un- 
“ terbrechungen) follow each other in quick succession * 


Apparat) *. There occurs then for every vibration of 
the membrane a break of the current (Unterbrechung des 
Stromes). Dr. Van der Weyde’s Second Article,Scientific Amer- 
c ican, March 4th, 1876. At every downward motion 
“* the contact of this disk with the platinum point, under b, is 

‘‘ broken, and therefore the current is interrupted as rapidly as 
the vibrations occur.” 

‘‘Preece on Reis—Report of the Forty-seventh Meeting of 
‘‘ the British Association for the Advancement of Science, held 
„at Plymouth, in August, 1877. The sound of his 
voice throws the diaphragm (c) into rapid vibration, so as to 
„ make and break contact at the platinum points (d) at each vi- 
‘““ bration. This interrupts the current, &c.” 

‘* Ganot’s description of Reis—Ganot’s Elementary Treaties on 
% Physics, Sth Edition, Translated by E. Atkinson, N. T., 1877, 
„p. 757. * * The apparatus is so arranged that these vi- 
‘* brations alternately open and close a current, &c.” 

These are all the passages which I can conveniently point out 
at the moment, although some others may have escaped me. 
They are not all of them expressions of Reis himself, but I un- 
derstand them to be called for by the scope of the counsel's in- 
terrogatory, and they all relate to the operation of the loose 
contact of some form of Reis transmitter, which, when adjusted 
and used for the transmission af articulate speech, I understand 
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to operate essentially in the same manner as the more modern 
Adjourned by consent until Friday, the 11th day of January, 


1884, at 11 A. M. 
S. N. W. 


TUESDAY, January 15th, 1884. 


Adjourned by consent of counsel to Tuesday, January 22d, 
1884, at 11 A. M. 


TUESDAY, January 22d, 1884. 


Adjourned by consent of counsel to Tuesday, January 29th, 
1884, 11 A. M. 


TUESDAY, January 29th, 1884. 


Met pursuant to adjournment. 
Present — Counsel as before. 


_ CROSS-EXAMINATION OF Pror. Cuas. A. YounG By E. N. Dick- 
ERSON, EsQ., CONTINUED. 


Adjourned subject to agreement of counsel. 
S. NELson WHITE. 


= 


WEDNESDAY, February 13th. 1884. 


Met pursuant to adjournment. 
Present—Counsel as before. 


Cross-EXAMINATION OF Pror. CHas. A. YOUNG, CONTINUED: 


57 x-Q. I select one of your quotations asa sample, in which 
Reis says that by the first condensation the hammer-like wire 
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is pushed back; at the rarefaction it cannot follow the re- 
treating membrane, and the current traversing the strip re- 
„mains broken until the membrane forced by a new condensa- 
tion again presses the strip (proceeding from p) against d. In 
this way each sound wave causes a breaking and closing of 
the current.” Now if it is true, as you say, you think that 
Reis ‘‘ used this expression (and many other similar ones) to de- 
note an action substantially the same as the more modern 
microphone ”—do you know of any other person who has writ- 
ten or spoken on that subject before the date of Bell’s patent 
who said he thought as you do that Reis used that expression to 
denote an action like that of the microphone in which the cur- 
rent is not broken, and in which the object is to maintain the 
electrodes in contact, but to vary the pressure at the joint? If 
you do, point out to the Court any such publication, if there be 
one; and if anybody ever told you so before 1876, you are at 
liberty to name the man, living or dead. 

A. In replying to this question I wish to note, first, that I 
have no doubt that Reis believed that his transmitter acted by 
making and breaking the circuit in our present sense of the 
terms. Secondly, that I do not consider it certain that the mod- 
ern microphone does not act in the same manner. Thirdly, that 
so far as I know the action of the transmitter was not much dis- 
cussed before the date of Mr. Bell’s first patent, and consequently — 
I cannot name any person who expressed an opinion similar to 
mine so early as that. 

68 x-Q. Did you mean to say that in your opinion the micro- 
phone operates by making and breaking the circuit, and not by 
‘varying the strength of current which is maintained through 
the joint during the operation of transmission? 

A. I intended to say that in my opinion it is not yet certain 
in what precise manner the microphone produces variations in 
the strength of the current at the receiving end, and that in my 
opinion the theory that it is done by minute makes and breaks 
is not demonstrated to be false. 

59 x-Q. (Question repeated.) 

, A. The microphone undoubtedly causes variations in the 

„) ee eee But the 
theory of its action in producing these variations is still ob- 
scure. 

60 x-Q. Won't you answer the question whether you believe 
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that the microphone produces its effect by making and break- 
ing the current of electricity, or whether it produces its 

effect by varying the strength of the current which is not 
at any time broken during the normal action of the instru- 
ment? 

A. My opinion in the matter does not amount to a scientific 
conviction. I think it more probable that the separation of the 
surfaces is not usually sufficient to produce an entire cessa- 
tion of current, but there are difficulties in the way of this 
view, and I am by no means sure that the opposite theory 
is false. 

61 x-Q. You have seen, have you not, the drawing of the ap- 
paratus, if not the apparatus itself, used by Professor Hughes 
in which a pencil of carbon stands vertically, resting upon an 
opposite carbon surface, and in which a house fly walking on 
the horizontal surface of the board supporting the lower elec- 
trode produces such a disturbance in the current passing through 
the carbon pencil as that a Bell receiver in the circuit communi- 
cates to the air the effect produced by the walking of the fly, so 
that it can be heard by the human ear? 

A. I have seen the drawing and a similar instrument. 

62 x-Q. Is it your opinion that the circuit is broken be- 
tween the electrodes by the crawling of the fly on the board, 
or do you think that is a question in doubt whether it is so, or 
not? 

A. In this case there is generally very little doubt. If the 
adjustment is made as sensitive as possible, there is a complete 
make and break consequent upon every step of the fly, as may 
be shown by inserting a galvanometer in the circuit; with a less 
sensitive adjustment the cessation of the current is not com- 
plete. It is a matter of adjustment. 

63 x-Q. — — oeentneiicten theb-ten 
there is a break at the joint of the microphone when used as a 
transmitter, or a telephone, the ear perceives at once a con- 
cussion or jar which it does not perceive when the current is 
not broken? 

A. It is usually, but not universally the case—I think the 
breaking can be effected so gradually or in such a manner 
that the ear at the receiving telephone will receive no shock. 

64 x-Q. Will you explain the operation in a speaking tele- 
phone in which the battery may be thrown on or off by the ac- 
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tion of the voice in such a manner that the ear will not recog- 
nize the fact, in order that that experiment may be tried accord- 
ing to your prescription? 

A. I cannot undertake to explain the action at the loose 
contact of the microphone. No theory yet proposed seems to 
me free from objections. 

65 x-Q. I have not asked for any explanation of a theory. 
You say that you think the breaking can be effected so grad- 
ually or in such a manner that the ear at the receiving end of 
the telephone will receive no shock.” That is your opinion as 
to a simple question of fact, and I assume that when you ex- 
pressed that opinion you knew some way in which the thing 
could be done, and could instruct somebody how to perform the 
experiment in order to verify your statement. If a thing can 
be done usually, a person who thinks it can be done has some 
idea of the means by which it can be done, and with that view 
I ask you to put upon the record instructions in accordance with 
your idea by which the experiments can be tried on a speaking 
telephone? 

A. I supposed the question related to an explanation of an 
operation. I am not able to describe an arrangement applicable 
to the ordinary form of speaking telephones by which the ex- 
periment could be performed with certainty. But I have suc- 
ceeded in some cases in diminishing the pressure at a loose joint 
so gradually that the current passed from its full strength 
to an inappreciable strength without any perceptible shock. 

66 x-Q. Did you do that by talking to the transmitter: 

A. I did not. 

67 x-Q. When you said in your direct examination that in 
your opinion the Hopkins telephonic apparatus, when used for 
the transmission of articulate speech, did not employ the method 
or embody the apparatus described and referred to in the 5th 
claim of Bell’s patent, did you mean to say that it did not trans- 
mit articulate speech by causing electrical undulations substan- 
tially similar in form to the vibrations of the air accompanying 
the speech spoken to the transmitter? 

A. I did not, but that it produced its undulatorv currents 
by a method and apparatus entirely different from that described 
by Mr. Bell, and similar to that used by Reis long previous. 

68 x-Q. Did you think I asked you anything avout what Mr. 
Reis had used when I asked you this question? 
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A. I thought the question required of me a reference to Mr. 
Reis’ in order to set forth my opinion in this matter fairly. 

69 x-Q. Did you mean to say that the electrical undulations 
in the Hopkins apparatus were not caused by alternately increas- 
ing and diminishing the resistance of the circuit? 

A. I did not intend to commit myself to any theory as to the 
precise method by which the action of the transmitter produced 
the undulations in the circuit, but I did intend to say that the 
method was different from the method of action of any appara- 
tus described and figured in Mr. Bell's specifications. 

70 x-Q. Is not the method of the. magneto transmitter in 
Bell’s specification to vary the strength of the current in accord- 
ance with the variations of the air waves in transmitting the 
sound? 

A. This is the effect of the transmitter, as I understand it; 
the method by which the effect is produced is the production of 
electric pulses in the wire by magneto-electric induction due to 
the action or an iron or steel armature vibrating in front of the 


poles of a magnet. 
71 x-Q. Is not the same effect produced in the Hopkins trans- 


mitter? 

A. The same effect is produced as would be produced by Mr. 
Bell’s apparatus, provided, in the latter case, a certain constant 
or nearly constant current were maintained upon the line by 
some electro motor upon which the magneto-electric pulses 
would be superposed. 

72 x-Q. That is, if the battery were in Bell’s apparatus deliv- 
ering a constant current? 

A. Yes. 

73 x-Q. Now, does not Bell in his pateni also say that the 
electrical undulations may also be caused by alternately in- 
creasing and diminishing the resistance of the circuit? 

A. He does in claim 4, but describes and figures no satisfac- 
tory apparatus by which such effect could be produced. 

74 x-Q. Then you deny, do you, that that effect could be pro 
duced by a liquid transmitter which he indicates in his specifica- 
tion? 

A. He indicates a liquid transmitter in one clause of his pat- 
ent, but does not satisfactorily describe it, and I think no liquid 
transmitter constructed simply in accordance with his indica- 
tions would be an operative instrument. 


DEPOSITION OF CHARLES A. YOUNG. 151 


7 X- Then you think that Bell’s liquid transmitter at the 


Centennial was not in accordance with the indication of his 


specification, and if so, point out where it differed from that 
indication? . 

A. In the first place, my understanding of the matter is that 
it did not prove a satisfactorily operative instrument at the Cen- 
tennial, and that it differed from the specification by a great 
deal of addition. 

76 x-Q. Wherein did his liquid transmitter differ from the 
indications of his specification? 

A. It differed by additions, as I have said. The specification 
does not indicate any of the mechanical arrangements by which 
the conducting wire in mercury or other liquid included in the 
circuit ” was to be put into vibration, nor the liquid to be used, 
except mercury, which liquid (mercury) will not work. 

77 x-Q. Didn’t the liquid transmitter operate upon the prin- 
ciple of increasing and diminishing the resistance of the circuit? 

A. Whatever effects it produced it undoubtedly produced in 
that method. 

78 x-Q. And is it not equally true that whatever effect is 
produced in the Hopkins apparatus is produced by increasing 
and diminishing the resistance of the circuit, and if you deny 
this, then inform the Court by what other means the electrical 
undulations are produced? 

A. The Hopkins transmitter undoubtedly produces undula. 
tions in the current by an action at the loose joint; but I do not 
know whether that action consists merely in a variation of the 
resistance without break, or in a succession of excessively short 
and minute makes and breaks, or in a polarization of the sur- 
faces and the interjection of a variable electro-motive force. 

79 x-Q. Do you know any way in which the strength of cur- 
rent upon a circuit over which a practically constant battery is 
delivering a uniform current can be varied except by increasing 
and diminishing the resistance of the circuit? If so, name that 
method and your authority for the statement? 

A. Yes, it may be done, as Mr. Bell does with the apparatus 
referred to in claim 5 of his patent, by the introduction of an 
extraneous electro-motive force. The mean strength of a cur- 
rent may also be varied by introducing into the circuit a succes- 
sion of breaks separated by minute intervals of time—say, one- 
ten thousands of a second, in which case, if the line has any 
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considerable self-induction, the pulsations at the further end of 
the line will become insensible, and practically the same effect 
will be produced as if the resistance of the line had been simply 

S0 x-Q. Name all the means you know for varying the 
strength of current on the line when only one source of elec- 
tricity is used, such as a battery, which is the case of a micro- 
phone telephone? 

A. I know of no other except the three above indicated, viz. : 
the variation of the resistance of the circuit, the variation of the 
electro-motive power of the battery itself, or the introduction of 
some other variable electro-motive power, or, finally, the method 
last indicated. 

$1 x-Q. The Hopkins telephone, I presume, you will not 
claim to operate either by the variation of the electro-motive 
force of the battery itself or the introduction of a variable 
electro-motive power additional to the battery. If you doso 
claim, state how your variable electro-motive forces are obtained 
in that apparatus? 

A. It certainly does not act by varying the electro-motive 
force of the battery. I am disposed to think, however, that 
there is a polarization of the carbon surfaces in contact, or sepa- 
rated by a thin film of gas, which is of some account in its ac- 
tion. But I do not claim that the action of the transmitter is 
mainly due to this cause. 

82 x-Q. Then, so far as you know, the action of the Hop- 
kins transmitter must be mainly due to one of two causes— 
either, 1st, that the microphone varies the resistance of the cir- 
cuit, or 2d, that the variation of strength of current is pro- 
duced by introducing into the circuit a succession of breaks 
separated | by minute intervals of time, say one ten-thousandth of 
a second;” is not this so? 

A. If the action of the transmitter is merely to — va- 
riable currents without sensible interruptions between them, I 
think the action must be in one of the ways indicated in the 
question. But I have not asserted nor do I mean to assert that 
speech may not also be intelligibly transmitted by a succession 
of separate impulses of proper strength, and properly spaced. 

83 x-Q. I have not asked you what you do not mean to assert 
with respect to anything. My present object is to ascertain 
what you do mean to assert; and I therefore ask you whether 
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you do mean to assert that the Hopkins transmitter does not op- 
erate practically by varying the strength of current on the line? 

A. Of course it varies the strength of current on the line. 
But I mean to say that I don’t know, and don’t think anybody 
knows whether the pulses produced are not, sometimes at least, 
separated by intervals when the circuit is absolutely broken for 
an instant. 

84 x-Q. And don’t you believe that this is also true in the 
Blake transmitter? 

A. I consider the operation of the Hopkins transmitter sci- 
entifically identical with that of the Blake transmitter. 

835 x-. The Reis instrument, which you had at Princeton, 
was brought from the Smithsonian Institution was it not? 

A. No. 

86 x-Q. Where did you obtain that Reis instrument or in- 
struments? 

A. Some of them were made in our physical laboratory; as to 
others, I do not remember how they came into the possession of 
Professor Brackett. 

87 x-Q. Was there a glass cover over the diaphragm in the 
Reis transmitter, as you used it, or did you dispense with the 
speaking tube in the side of the box, and the glass cover on the 
top, and talk directly down upon the diaphragm: 

A. In one of the box transmitters there was such a glass 
cover, and in some of our experiments we did speak into the 
speaking tube, and obtained articulation. More usually we em- 
ployed it in the way indicated by the question. 

38 x-Q. I presume, from your statements in your direct ex- 
amination, that you found no practical difficulty in maintaining 
conversation in your Reis instrument; is that correct? 

A. On the contrary, the apparatus requires to be handled 

very gingerly, as any one who has tried it knows, in order to 
make it talk. 

89 x-Q. And if you don’t handle it very gingerly, what hap- 
pens that prevents it from talking! 

A. The contact piece jumps and interferes with the regular 
— — — 
the sound waves due to the action of the voice. 

90 x-Q. That is to say, in the language of Reis himeelf. 
when you don’t handle it gingerly, ‘“‘each sound wave causes a 
breaking and closing of the current;” is not that so? 
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A. That is so, but not all. The extraneous vibrations of the 
membrane, produced by the jumping and falling of the contact 
pin, interfere with and break up the regular motion of the 
membrane. 

91 x-Q. Didn't you have a pair of Bell magneto telephones 
along side of the Reis instruments when you were using them 
so that you could talk through them! 

A. We had a pair of magneto telephones most of the time. 

92 x-Q. Did you have to handle them, or the Hopkins trans- 
mitter, gingerly, in order to get intelligence transmitted 
through them? . 

A. On short circuits the ordinary Bell telephone is easily ad- 
justible. The Hopkins transmitters sometimes require a little 
care just as do the Blake. 

93 x-Q. Why did you grind the hopping piece in the McDon- 


ough instruments. and who gave you the instruction to do 


that? 

A. I didn’t grind it; it was done by Mr. Brackett, out of his 
own head, I presume, in order to secure a larger and cleaner 
surface of contact; I was in another room at the time I suppose 
you refer to. 

94 x-Q. Wasn’t the effect of this increased surface accurately 
ground to contact, to make the apparatus more like a micro- 
phone and less like a circuit breaker? 

A. It rendered its behavior more similar to that of two car- 
bon contact pieces than it had been before. 


Adjourned by consent until Thursday the 14th day of Febru- 
ery, 1884, at 11 A. M. 
: S. N. WuHrre, 
Ex’r. 


= 


Tnonsnar February 14th, 1884. 


Met pursuant to adjournment. 
Present—Counsel as before. 


RE-DIRECT EXAMINATION OF Pror. Cuas. A. Youne By H. D. 
DONNELLY, Esoq.: 


95 Re-d. Q. In your opinion, does the Blake transmitter, so 
called, belong to the class of instruments described and shown 
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in the Bell Patent, No. 174, 465; and if not, to what class does 
it belong? 

A. In my opinion it belongs to the same class of instruments 
as the Reis transmitter and the microphone. 

96 Re-d. Q. In answer to cross-question 84, you state in sub- 
stance that you consider the Hopkins transmitter “scientifically 
identical with the Blake;” will you state a little more definitely 
what you mean by the language employed in said answer? 

A. I mean that the action at the surfaces of contact is electri- 
cally the same, and that the materials used for contact surfaces 
are identical (at least in one form of Hopkins transmitter), al- 
though there are mechanical differences in the construction, and 
the Hopkins transmitter provides a means for a most delicate 
adjustment of the pressure between the contact surfaces. 

97 Re-d. Q. In speaking of the Reis instrument in answer to 
cross-question 88, you say: The apparatus requires to be 
handled very gingerly;” will you explain a little more definitely 
what you mean by the language quoted? 

A. I mean that the range of adjustment was quite limited, 
that it was necessary to be very particular to have the platinum 
contact surfaces in proper condition, to use the right strength 
of current, and to speak neither too loudly nor too low, and at 
the right distance from the transmitter. 

98 Re-d. Q. Have you or not observed any similar difficulty in 
the use of microphones employing metallic electrodes? 

A. Yes, I have experienced the same difficulty. 

: 99 Re-d. Q. Is such difficulty diminished or obviated by the 
use of carbon electrodes? 
A. It is diminished, and to a great extent. 

100 Re d. Q. Do you or not find anything in the mechanical 
structure of the Reis transmitter, or in its electrical relations 
when employed for the transmission of sounds which necessi- 
tates a break of circuit or of current? 

A. Ido not. 

101 Re-d. Q. In answer to cross-question 93, you speak of 
Prof. Brackett’s grinding the hopping piece in the McDonough 
instruments; in your experiments with the McDonough instru- 
ments, which you have heretofore described, did you or not find 
it necessary to grind said ‘‘ hopping piece” in order to transmit 
articulate speech with said instruments? 

A. We many times succeeded in transmitting articulate speech 
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without any such previous preparation of the “‘ hopping piece,” 
we generally obtained, however, the best results after brighten- 
ing the contact surfaces, and removing oxides by a little grind- 
ing; the grinding was not essential. 

102 Re-d. O. Referring to the Bell patent, 174,165, do you or 
not find any suggestion therein of the production of variation or 
resistance in the circuit between solid bodies in contact? 

A. I do not. 

103 Re-d. Q. So far as you know, was a liquid transmitter 
publicly known at the date of the Bell Patent, 174, 465 
| A. No such transmitter was then publicly known, to the best 

of my knowledge and belief. 

104 Re-d. Q. Assuming that the Hopkins’ apparatus when 
used for the transmission of speech, employs a substantially con- 
tinuous current of electricity, would you then modify the opinion 
already expressed by you as to the dissimilarity between the 
Hopkins transmitter and its mode of operation, and the method 
and apparatus shown and described in the Bell patent and re- 
ferred to in the fifth claim thereof? 

A. I certainly should not. My opinion was not based upon 
any assumption as to the continuity or discontinuity of the 
current. 

105 Re-d. Q. In your opinion, does the intelligible transmis- 
sion of speech require that the motions of the receiver-membrane 
or diaphragm should be a strict copy of the motions of the air 
in contact with the transmitter, and if not, why not? 

A. It does not. Undoubtedly speech can be transmitted by 
such a strict copying—but such a copying is by no means neces- 
sary. The characteristics of a spoken word which render it in- 
telligible as such, do not consist either in the absolute pitch of 
the sounds made, nor even in the quality of the sound as that 
term is commonly understood. A fact, which is evident from 
this, that a given word spoken by a woman and by a man will 
differ in both these respects. 


RE-CROSS-EXAMINATION OF ProF. YOuNG, BY E. N. DICKERSON, 


Esq. 


106 Re-x-Q. Is it your idea of classification that an instrv- 
ment which makes and breaks the current of electricity at each 
air vibration, belongs to the same class as an instrument whose 
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object and whose practical effect in operatiun, is to maintain an 
unbroken current, and to vary its strength in accordance with 
the variations of the air waves? 

A. That depends upon the basis of the classification. When 
two instruments produce the same effects by substantially the 
same contrivances, they may be properly classed together as op- 
posed to other instruments, which produce more or less similar 
effects by different contrivances. 

107 Re-x-Q. I will try again. Do you understand this hy- 
pothesis, viz.. a transmitter with a diaphragm vibrated by sound 
which at each condensation and rarefaction of the air makes and 
breaks the electric current passing through electrodes, one of 
which is attached to the diaphragm, and the other of which 
separates from its fellow so as to break the current of electricity 
at each condensation and rarefaction of the air produced by 
sound—say, for illustration, 250 times a second? 

A. I think I do. 

108 Re-x-Q. Do you understand this hypothesis—a trans- 
mitter with a diaphragm attached to which is a carbon point, 
and against which another carbon point is pressed by a spring, 
and has a considerable inertia artificially imparted to it so that 
the two carbons will not part company, nor break the electric 
current when a sound is made in the presence of the diaphragm 
—a current of electricity passing through the joint and the elec- 
trodes? 

A. There is one expression I do not understand, “‘ a consider- 
able amount of inertia artificially imparted to it.” If it means 
merely that the second carbon is loaded, I think I understand it. 

109 Re-x-Q. With that understanding, will you answer the 
question Re-x-Q. 108? 

A. I think I do understand the hypothesis. 

110 Re-x-Q. Then is it your idea of classification, that those 
two hypothetical instruments belong to the same class of trans- 
mitters? 

A. I should unquestionably say that the operations described 
in the hypothesis were different. But if the apparatus described 
in the first hypothesis could be used in the manner described in 
the second hypothesis, and vice versa, I should see no ground for 


classifying the two apparatus in different categories. I do not 
think the way in which the apparatus is used, necessarily deter- 
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mines the class in which it is to be put, when it is susceptible of 
other uses. 

111 Re-x-Q. The ordinary Morse key and sounder, with the 
knowledge we now possess can be used as a telephone experi- 
mentally and used gingerly. Do you classify the Morse key as 
a circuit breaker or a microphone? 

A. When thus used in telephony, I class it as a microphone; 
but without meaning to assert thereby that in its ultimate ana- 


lysis the action of the microphone may not turn out to be iden- 


tical with circuit breaking. 

112 Re-x-Q. Would you say, as you understand the subject, 
that Morse, or whoever first made such a circuit breaker, was 
the discoverer and inventor of the microphone, because we now 
know that that apparatus can be used as a microphone? 

A. I should say that he invented the apparatus known as the 
Morse key, but should not speak of him as the inventor of the 
microphone. 

113 Re-x-Q. Have you or Prof. Brackett to your knowledge 
yet invented or produced a transmitter which transmits articu- 
late speech by reason of the fact that it breaks the circuit ten 
thousand times a second, or any other number of times that 
you choose to assign. If so, describe the apparatus in order that 
it may be tested, and your assertion verified? 

A. We have been at work upon transmitters, depending in 
a general way upon the same principles as the microphone. As 
I have said before I do not know precisely in what manner the 
action at the loose contact varies the effective —— of the 
current in the circuit. 

114 Re-x-Q. Are you at work inventing a —— whose 
object it is to transmit speech by current breaking as dis- 
tinguished from the method of maintaining a continuous 
current? 

A. Iam not personally, but I know of such an investigation 
in progress of which I am not at liberty to speak further. 

115 Re-x-Q. And if done upon the plan of which you have 
knowledge, don’t you believe it would constitute a different mode 
of operation from that in which the current is maintained con- 
stantly during the transmission? 

A. So far as the resulting current in the line and the receiver 
is concerned there would be no ground for distinction of method. 
As to the transmitter itself, the apparatus would be so entirely 
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different in its construction, that for mechanical reasons, at 
least, it would have to stand in a class by itself. It would 
require further examination to determine whether its electrical 
functions were or were not essentially the same as those of the 
microphone. 

116 Re-x-Q. Wouldn’t it involve a mechanical operation 
which would of necessity make and break the circuit thousands 
of times a second? 

A. It would involve the frequent separation of metallic sur- 
faces. 

117 Re-x-Q. You say in respect to the so-called Reis instru- 
ments with which you have worked at Princeton, that the 
range of adjustment was very limited.” What part of the 
Reis instrument as published in the books before 1876, is adjust- 
able and was it the adjustment of any one of such adjustable 
parts which you found to require delicacy in performing? 

A. In all of them the tension of the membrane required to 
be about right. In the bored block form the pressure of the 
spring which carries the pin had to be carefully adjusted by 
bending or otherwise, and the end of the pin had to be often 
re- ground. In the box form the end of the pin required constant 
attention and the weight of the right angled piece carrying the 
pin had to be in proper relation to the tension of the membrane. 
In the lever from the pressure of the little spring which presses 
the lever against the membrane, also the end of the electrode 
and the position of the piece against which it touched. This last 
adjustment was made by a screw provided for the purpose. If 
any of these adjustments were much out, neither form of the 
apparatus would work satisfactorily. 

118 Re-x-Q. Do you find in any of the publications on the 
subject instructions for grinding the platinum points frequently, 
or any information as to what constituted the right adjustment 
of the parts in order to make the thing talk? 

A. In Pisko’s description of Reis, he says: It is plain, if 
necessary, the platinum strip can be replaced by a thin strip of 
brass and the platinum or steel points by iron rods, only then, 
the contact points must oftener be cleaned to a metal polish.” 
The method of making other adjustments was not indicated as 
the apparatus was not furnished for general use, but for use in 


physical experimentation. 


180 EVIDENCE FOR DEFENDANTS. _ 


119 Re-x-Q. Did you ever use iron or brass points? 

A. It think we did a few times, but I am not sure. 

120 Re-x-Q. Don’t you understand that description to mean 
simply this, that in a circuit breaker where sparks are neces- 
sarily made, platinum is the proper material and that brass or 
iron are rapidly destroyed by the spark and need to be 
brightened? 

A. Substantially, but not quite, for wherever sparks do 
occur between even platinum surfaces, the form and texture of 

the platinum surfaces is almost always altered, as for instance 
in relay magnets. 

121 Re-x-Q. Don’t you know it to be true that platinum is by 
far the best material as compared with iron or brass for a circuit 
breaker, and is therefore generally used in instruments for that 

2 

A. It is a better material than either iron or brass and is 
generally used. 

123 Re-x-Q. And isn’t it also true that carbon is about the 
worst material for a circuit breaker and is rapidly destroyed by 
the spark? 

A. If the object is to secure a prompt opening and closing 
of the circuit, carbon is very bad, and if the current employed 
is strong enough to produce sensible sparks, it is rapidly des- 
troyved. 

123 Re-x-Q. And is not the converse of the proposition also 
true, viz., that carbon is about the best material for a microphone 
contact and platinum about the worst? 

A. Carbon is so far as I know the best, and platinum is 
among the worst. 

124 Re-x-Q. Were not your adjustments all made for the 
purpose and with reference to the result of making the Reis 
transmitter act as a microphone? 

A. We endeavored to produce the same results with it as 
could be obtained with a microphone. 

125 Re-x-Q. And did you not endeavor to obtain those results 
upon the theory of the microphone, whatever you may say that 
theory is? 

A. Iam not aware that we directed our investigations by 
any theory whatever, further than this, that we endeavored to 
secure this, that all the motions of the membrane should pro- 
duce an effect upon the current. 
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126 Re-x-Q. That is, that there should be no perceptible break 
in the current when the diaphragm vibrated, was not that your 
object? 

A. I should put it differently, that the contact pin should 
never remain for any considerable length of time separated from 
the diaphragm, so as to be unable to receive a contact, and that 
it should never jump so high that its fall upon the diaphragm 
would break up its vibrations. It would follow, of course, that 
the current would never be interrupted for any considerable in- 
terval of time. 

127*Re-x-Q. Do you mean to say by all that that you worked 
the instrument in such a way as intentionally to make the con- 
tact piece jump at all away from the diaphragm? 

A. We did not try to make it jump at all from the dia- 
phragm, but I suppose from the nature of the case and the form 
of sound vibrations that it must have jumped. 

128 Re-x-Q. And when it did jump away from contact, did 
not that produce a concussion in the receiver, and to that extent 
destroy the effect you were trying to produce? 

A. If the separation continued too long such an effect would 
undoubtedly follow, but if the separation were very minute in 
distance and continued for a very short interval of time no mis- 
chief would be done. 

129 Re-x-Q. Do you mean by all that to swear that in your 
opinion that apparatus could break the circuit at each vibration 
and yet do no mischief, as you call it, to the transmission of 
speech? 

A. Yes; provided the breaks are sufficiently minute in ex- 
tent of space and time. ' 

130 Re-«x-Q. As matter of fact, do you mean to say that 
you did make that instrument break the current at each vibra- 
tion and yet break it for so short a time as to produce no injuri- 
ous effect upon the transmission of speech? 

A. I mean to say that in my opinion the metallic circuit was 
interrupted for so small a time and by so small a space that the 
resulting diminution of current was just what was necessary to 
represent at the receiver the motion of the diaphragm which 
caused the interruption. 

131 Re-x-Q. That is to say, the current was not broken as 
you understand it, but only modified or varied, because the 
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metallic circuit did not break far enough to break the electric 
current, is that what you mean to swear? 

A. Nearly,but not exactly. I am in doubt whether at the elec- 
trodes the current itself may not have ceased for some minute 
interval of time. My own impression is that at the receiver in 
such cases the current did not entirely vanish at any time, 
though I am not sure as to that point; and authorities are not in 
accordance with respect to it. 

132 Re-x-Q. But you are sure, if I understand you, that the 
metallic circuit broke at each vibration when you were using this 
instrument for the producing of articulate speech and that such 
breaking produced no effect on the receiver, do you mean to say 
‘that? 

A. I think the circuit must have broken beyond question, 
and that each break contributed to the effect at the receiver. 

133 Re-x-Q. And are you not also equally sure that this is 
the operation of any other microphone transmitter, such for in- 
stance as Hopkins or Blake? 

A. I am not; carbon isa very peculiar substance, and I do not 
know precisely what would be the effect of the mutual vibra- 
tion of two carbon surfaces through which a current was pass- 
ing. At the same time I do not know of any distinction that 
can be drawn and maintained with certainty. 

134 Re-x-Q. Now, inform the Court how you made the dis- 
covery that the metallic circuit in the Reis apparatus breaks at 
each vibration just far enough to make the electric current to 
agree with the air waves in form and so to transmit speech 
by making and breaking the circuit as distinguished from main- 
taining speech by an unbroken circuit. State it accurately in 
order that the experiment may be repeated and give the dis- 
tance, if you ascertained it, intervening between the metallic 
electrodes when they parted? 

A. The evidence that the metallic electrodes separate, de- 
pends upon a simple calculation of the velocity imparted by 
gravity to a falling body in a minute interval of time compared 
with the much greater velocity imparted by the tension of a 
membrane in the same minute interval of time. I have not assert- 
ed that the variations of the current agree at all exactly with the 
air waves in their form; that they agree sufficiently so to trans- 
mit speech is evident from the effects. 

135 Re-x-Q. Did you the make calculation from which you as- 
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certained that the upper electrode parted from the lower one in 
- the Reis machine, when you succeeded in making it transmit 
articulate speech; if so, produce those calculations that they may 
be verified? 

A. Ihave made such calcutations, based of course upon 
what seemed to me reasonable hypothesis as to the tension of 
the membrane and as to the extent of its motion. They are 
long since in the waste basket. 

136 Re-x-Q. Did you take into this account the adhesion of 
the ground surfaces of the electrodes in contact with each 
other? 


A. So far as this, the adhesion would only keep them in 


contact if they were of considerable extent. My calculations 
supposed a spherical ended pin resting upon a flat surface. I 
ought to add further that in absolute strictness probably even in 
such a case the metallic surfaces never come into absolute con- 
tact, but are separated by some excessively minute distance. 
My calculations merely show that this normal distance would be 
be sensibly and considerably increased in the case supposed. 

137 Re-x-Q. Isn’t it true that no surfaces of separate bodies 
ever do come in contact in the strict sense in which you an- 
swered the last question? 

A. I think it is. 

138 Re-x-Q. And isn’t it also true that two metallic surfaces 
ground together and made clean when brought into what is 
commonly called contact tend to adhere appreciably? 

A. Certainly: that is to say, that when a force is applied to 
separate them (one lying upon the other) the force required will 


be greater than the weight of the upper one; but as soon as the 


force applied to the upper one exceeds its weight by the slight- 
est degree the two surfaces will be separated by a greater dis- 
tance than they would if the force did not act. 

139 Re-x-Q. In one of the Reis instruments, the lever form, a 


spring is used pressing the electrode against the diaphragm 


and against the opposite electrode; did you calculate that the 


contacts were broken then, when the spring was in action? 

A. No; I only inferred it from the fact that the results ob- 
tained were the same as those obtained with the instrument 
where gravity alone acted to keep the contact surfaces to- 


140 Re-x-Q. You would not claim, I presume, that your 
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waste-basket calculations would have any application whatever 
to the case where a spring impelled the electrodes together, . 
would you? 

A. Not directly; it would be necessary to investigate the 
tension of the spring before making such calculation. 

141 Re-x-Q. In this case there are practically two springs in 
action, viz.: the diaphragm in one direction and the steel spring 
in the opposite direction, gravity having nothing whatever to do 
with the diaphragm and almost nothing with the lever, one end 
of which is pressing upon the diaphragm; is not that sof 

A. Yes; and there isstill a third spring, viz.: the elasticity of 
the lever, to say nothing of the elasticity of the piece that car- 
ries the contact electrode. 

142 Re-x-Q. And when that instrument is adjusted with a 
view of maintaining and not to breaking contact, do not all 
these elasticities or flexibilities you have mentioned tend to 
maintain contact? 

A. Yes. 

143 Re-x-Q. Therefore, is it not true in that machine that 
with an adjustment of the set screw made with that intention, 
the contact points may be kept together during a very large 
vibration of the diaphragm, the only effect of that vibration 
being to vary the pressure of the point of contact without 
breaking the circuit? 

A. Certainly. 

144 Re-x-Q. And don’t you think that is the way you did ad- 
just it when you succeeded in transmitting speech through it; if 
you say no, inform the Court how you found out that the me- 
tallic circuit opened at each vibration? 

A. No, we adjusted it first in the manner indicated, and then 
proceeded to slacken the set screw until speech became intelligi- 
ble; we simply inferred, as I have said before, the similarity of 
the circumstances from the similarity of results. 

145 Re-x-Q. When the set screw is too tight, the diaphragm, 
in its vibration, will produce no effect whatever upon the degree 
of pressure between the electrodes, would it? 

A. It can be so set as to separate the lower end of the lever 
from the diaphragm. If it is slackened, until the end of the lever 
just touches the diaphragm at rest, it will still be too tight, and 
in this case every back swing of the membrane will cause in- 
crease of pressure at the contact point, and every forward 
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swing a decrease or breaking of the circuit. The proper ad- 
justment can only be found by trial. I suppose it to be such 
that the lower end of the Jever can follow the membrane a little 
inside its normal position, but the extent of the movement al- 
lowable depends upon the stiffness of the spring and the elasti- 
city or flexibility of the arms of the lever. 

146 Re-x-Q. Under those circumstances, if the vibration of 
the diaphragm is not too violent, contact will be maintaine 
during the entire operation so that the circuit would never 
break? 

A. The vibration might be so small that the circuit would 
not be broken. 

147 Re-x-Q. And when you worked it didn’t you maintain 
the current, so far as could be ascertained by any means in your 
power, during the time when you spoke to it in exactly the 
right voice, neither too loud nor too low? 

A. As I have said before, my impression is that, at the re- 
ceiver, during the transmission of articulate speech, the current 
was coutinuous, only varying in strength, but, I do not feel cer- 
tain that this is the case. 

148 Re-x-Q. Did you transmit articulate speech with the 
McDonough apparatus, before you ground the hopping piece, at 
any time? 

A. Iam not sure as to that; my impression is, that one of 
the first things we did, on unpacking the instruments, was to 
clean and brighten all contact surfaces. They were mostly of 
German silver, and more or less tarnished. 

149 Re-x-Q. In McDonough’s application he says of this 
hopping piece: It will be observed that each end of the circuit 
breaker D’ is bent upward from the membrane. The object 
being to prevent local attraction and render its action more sen- 
sitive to the lighter vibrations of the membrane.” The action 
spoken of is thus described by him: “ The transmitting mem- 
brane A, being sensitive to the vibrations of articulate sounds 
produced thereon, is caused to vibrate in sympathy therewith, 
thereby imparting an upward movement to the circuit breaker 
at each vibration, and discunnecting it from the plates C C, and 
alternately breaking and closing the circuit, when the intermit- 
tent current alternately magnetizes and demagnetizes the mag- 
net G.” Now, isn’t it obvious to you that the sharp angular 
bend in the hopping piece is made for the purpose of preventing 
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that hopping piece from remaining in contact, and for the pur- 
pose of facilitating the making and breaking of the circuit, as 
described by the inventor? 

A. It is not obvious tome. Ido not know precisely what 
his object was in giving that form. In other words, how he 
supposed it was to prevent local attraction,” &c. 

150 Re-x-Q. Don’t you understand that the words local at- 
traction mean adhesion between the two electrodes; if not, 
what sense do you give to those words? 

A. I don’t understand precisely what he did mean. Ishould 
have supposed that he would have said adhesion if that was all 
he meant. I rather: imagine he referred to some hypothetical 
electric action, producing adhesion. 

151 Re-x-Q. And that, by reducing the surface, he would 
diminish that tendency, and so facilitate the circuit breaking 
action of the circuit breaker; don’t you understand that to be 
the sense of the paragraphs taken together? 

A. No; on the whole I rather think he meant to gain a 
slightly increased surface of contact, by getting a double thick- 
ness of metal at the bottom, in order to prevent fusion by 
sparks, and the sticking, with which all telegraph operators are 
more or less familiar, where a break is made between two small 
surfaces of contact. If his object had been merely to get a 
sharp edge, he would simply have ground the lower extremity 
of his hopping piece, chisel-formed. 

152 Re-x-Q. When you worked his instrument, to produce 
articulate speech, and ground these contacts together, did you 
produce intermittent currents or continuous currents? 

A. We produced currents that would talk. As I have said 
before, my private impression is, that they are probably con- 
tinuous, but I am not certain as to that. 

Cartes A. YOUNG. 


Adjourned by consent, to meet on agreement of counsel. 
S. N. W. 
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New Ton, Wednesday, January 2d, 1884. 
* Net pursuant to notice. 


Preeent—Mr. H. D. DoxnELLy and Mr. Gzorce V. Brower, 
of counsel for defendants; E. N. Dickerson. 


Cyrus F. Brackett, called and duly sworn as a witness in 
| behalf of the defendants, deposes and says: 
3 1Q. What is your name, age, residence and occupation? 
; A. Cyrus F. Brackett; I am fifty years of age; I reside at 
\ — — ᷑̃᷑ gy See eee 
the College of New Jersey. 

2Q. How long and to what extent have you been engaged 
in the study of the physical sciences, and what attention, if 
any, have you given to the subjects of electricity, electrical ap- 
paratus, acoustics, and the telephonic transmission of sounds? 

A. For more than thirty years I have been engaged in the 
study of physical sciences. I was tolerably familiar with the 
general principles of electricity before my entrance into Bow- 
doin College, from which I graduated in 1859. For the next 
three years I taught these sciences in Limerick Academy and in 
New Hampton institutions, one year in the former and two 
years in the latter. In 1863 I was elected an officer in Bowdoin 
College, where for ten years I constantly taught the principles 
of electricity, and, during the larger part of that time, of 
acoustics, optics, etc. In 1873 I was elected Henry Professor of 
Physics in the College of New Jersey, and have taught the 
various branches of physics in that institution until the present 
time. I have an experimental acquaintance with electrical ap- 
pliances, and am familiar with the principles involved in the 
telegraph and telephone. 

30 State whether you have examined the following publi- 
cations relating to the telephonic apparatus of Philip Reis: 
The Journal of the Physical Society, Frankfort-on-the-Main, 
1860 and 61; the Journal of the German-Austrian Telegraph 
Association, Volume 9, page 125, 1862; Pisco’s Acoustic Appa- 
ratus, 1865, and Reis Prospectus and Circular, 1863; and, if so, 
do vou understand the construction and operation of the several 
forms of apparatus therein shown and described? 

A. I have read the publications alluded to and believe that I 
understand their contents. 
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40. Please describe what you understand to be the construc- 
tion and operation of the Reis Telephonic Apparatus when con- 
structed in accordance with the descriptions in the publications 
referred to in the preceding question and answer? 

A. The Reis apparatus consists in each vase of a telephonic 
transmitter and receiver. One form of transmitter consists of a 
piece of wood or other substance with a conical opening bored 
through it; across the smaller portion of the conical opening is 
stretched an elastic membrane of animal tissue or the like; to 
the centre of the said stretched membrane is a thin plate of 
platinum or other metal which is continued across the mem- 
brane by a light thin prolongation whose extremity is conve- 
niently attached ta a binding screw. To another portion of the 
wooden block is fixed a second binding screw connected with a 
piece of metal or other conducting substance whose extremity 
is immediately above the thin plate of platinum just described. 
The end of this second piece of metal carries a small contact pin 
which can be so set as to come just in contact with the said thin 
piece of platinum. Another form consists of a conical tube 
across whose small extremity a membrane is stretched as in the 
case just described. The tube is mounted on a vertical post 
standing in a base board so that the axis of the tube is in a hor- 
izontal position. The tube or its support carries an arched lever 
of metal or other conductor firmly attached. Th extremity of 
this lever projects centrally over the stretched membrane and 
near its extremity carries a bent lever easily movable, one of 
whose extremities rests in contact with the membrane. while 
the other just touches an adjustable spring carried by an upright 
support attached to the base. A small delicate spring is carried 
by the firm arched lever, firmly attached thereto by one extrem- 
ity, while the other gently presses against the movable bent 
lever before described, so that the latter shall follow the motions 
of the stretched membrane. The third form of transmitter con- 
sists of a small cubical box whose upper portion is hinged by 
one edge, so that it may be opened like the lid of a common 
chest. This portion has a circular opening cut through it, 
across which is stretched an elastic membrane as in the other 
cases. Just beyond the margin of the stretched membrane stand 
two small upright posts of metal situated about ninety degrees 
from each other. The upper extremity of one is excavated into 
a small cup. The other at its upper extremity carries a small 
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metal spike whose direction coincides with the axis of the post. 
In the small cup a drop of mercury is placed. The post carry- 
ing this cup is in metallic connection with the binding screw, 
which is attached to the upper part or lid of the box. A small 
disc of platinum or other metal is attached to the centre of the 
membrane and by a thin light prolongation is put into metallic 
connection with the second binding screw. A piece of metal 
cut into two arms at right angles to each other has at one ex- 
tremity a small metallic spike which rests in the mercury cup, 
also another metallic spike resting on the thin metallic disc, 
which is attached to the membrane. This spike is near the 
junction of the twoarms. A hole is pierced through the ex- 
tremity of the second arm of such diameter that it can fit 
loosely over the spike carried by one of the posts before 
described. | 

There are two forms of receiver described in the publications 
alluded to. The first consists of a small helix of insulated cop- 
per wire through whose centre passes a small rod of steel, as a 
knitting needle, for instance. This helix is mounted upon the 
top of a wooden sounding box. Near the extremities of the 
steel bar are attached two wooden bridges which are firmly se- 
cured to the top of the sounding box. Near the middle of the 
top of the sounding box openings are cut, as is usual in musical 
instruments of that kind. To one edge of the sounding box is 
hinged a light wooden cover which can shut down over the 
helix before- mentioned, completely covering it and nearly cov- 
ering the steel rod which it carries. Near the extremities of 
this cover holes are cut at which the ear of the listener may be 
placed. The second form of receiver consists in a two-branched 
electro-magnet resembling in form an ordinary relay magnet. 
This is mounted on a sounding box in whose top are cut open- 
ings as usual. The top of this box carries an upright column 
whose upper extremity is bent toward the magnet and so placed 
that its forked extremity is just above the poles of the magnet. 
Playing in this fork and suspended by a thin wire is an upright 
beam of wood or other light material to whose lower extremity 
is attached an armature, so that its extremities come just in 
front of the poles of the magnet. The upright support carries 
two adjusting screws so arranged as to properly limit the mo- 
tion of the armature. When in use a telephonic transmitter is 
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connected with the receiver by a line wire in which may be 
placed a battery or other electro-motor. 

I understand the operation of the Reis telephonic apparatus 
to be as follows: When a sound wave is produced in the vicinity 
of the transmitter its membrane is thereby put in vibration; the 
vibrations so produced disturb the relation of the contact piece, 
so as to change the resistance of the circuit, thereby altering 
the intensity of the current and hence causing alterations in the 
magnetic moment of the magnet of the receiver in the one 
form, thus throwing into vibration the armature in front of its 
poles, together with the vertical beam which supports it. In 


the other form of receiver variations of the current produce - 


slight and corresponding deformations in the needle which is in 
the helix. These corresponding deformations communicate vi- 
brations to the sounding board on which the helix is mounted, 
and this communicates them to the surrounding air, thus pro- 
ducing sound. 

5 C. Please state what you understand to be the essential 
elements of the transmitting instrument described in said Reis 
publications? 

A. In the various forms of transmitting instruments already 
described I consider the essential element to be a loose contact 
of conducting substances forming a part of the voltaic circuit 
and so arranged as to be easily put in vibration under the action 
of sound waves produced in their vicinity. The membrane 
which is present in all is a convenient accessory readily adapted 
to aid in the action already pointed out. The frame on which 
the membrane is stretched is only a convenient support for it 
and the parts already subscribed. 

6 Q. Please state what you understand to be the essential ele- 
= the receiving instruments described in said publica- 


A. 3 in my opinion. is one or more helices 
of insulated wire forming a part of the continuous circuit, to- 
gether with their iron or steel cores, in the one case acting as a 
magnet to move an armature whose vibration, together with 
its attachment, may produce sounds, more or less copies of those 
produced in the vicinity of the transmitter. In the other form 
the variations of current produced as already pointed out cause 
the needle in the centre of its helix to vibrate and communicate 
its vibrations to the sounding box on which it is mounted, which 
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% anywhere or in any manner, vibrations whose curves shall be 
* the same as those of any sounds or combination of sounds we 
F * shall receive the same impression as that sound or combina- 

tion of sounds would have produced.” He then goes on to say: 
With the above principles as a foundation I have succeeded in 
t constructing an apparatus with which I am able to reproduce 
** the sounds of various instruments, and even to a certain’ ex- 
4 tent the human voice.” 

After describing his apparatus he remarks again: ‘‘ Hitherto 
6 it has not been possible to reproduce human speech with a dis- 
“* tinctness sufficient for every one. The consonants are for the 
most part reproduced pretty distinctly, but the vowels as yet 
not in an equal degree.” 

10 Q. Do you or not find any statements in said publications, 
or in either of them, which indicates to your mind that the Reis 
apparatus, constructed as therein described, was capable of 
transmitting and reproducing what is termed in acoustics the 
character or quality of sounds, and if so, please indicate what 
they are by quoting the same? 

A. I do find such statement, In the answer last given I have 
quoted I have succeeded in constructing an apparatus with 
“* which I am able to reproduce the sounds of various instru- 
% ments, &c.” As the sounds of these instruments differ in 
that characteristic, which we call quality, it follows that these 
instruments must have transmitted quality. In the same article 
he says: Other experiments showed that the sounding wire 
*© was capable of reproducing complete chords of three notes of 
t piano on which the telephone was placed, and that it repro- 
c duces equally well the sound of other instruments—accor- 
% deon, clarionet, horn, organ pipes, &c., provided the sounds 
6 are within the compass of F-f.” 

11 C. Have you ever tried either or any of the forms of the 
Reis apparatus, described and shown in the publications above 
referred to, with reference to their capacity to transmit and re- 
produce musical tones, notes, chords, articulate sounds of 
speech, and if so, under what circumstances and with what re- 
sults? — 

A. On December 9th, 1883, I made trial in Washington at 
the Smithsonian Institution of a Reis transmitter of the box 
form,” the same being joined in a circuit with the 
receiver. My assistant, Mr. Magie, was present with me during 
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thistrial, It was easy to transmit and understand with the Mc- 
Donough receiver spoken words and entire sentences, even of 
* the most unexpected character. At a previous trial made on the 
same day in Washington at the laboratory of Dr. Baxter, using 


5 the same transmitter and receiver. I read certain sentences from 
> a newspaper speaking near the Reis receiver which Dr. Baxter 
rx correctly heard and reported back to me. Dr. Baxter and I then 
~ — 


— changed places, he at the transmitter and I at the receiver, I- 
Clearly and distinctly heard with good articulation many sen- 
tences respecting current facts and events. I asked him through 
the McDonough receiver, using it as a transmitter, and he re- 
’ ceived through a common magnéto receiver telephone this ques- 
; tion:. Who is the president of the United States?” He immedi- 
| ately replied using the Reis transmitter, ‘‘ Chester A. Arthur.” 
I then asked, When will his term of office expiref To which 
he immediately replied correctly. These are samples; many 
other words were spoken and correctly heard. Tuesday, De- 
cember 18th, 1883, in physical laboratory of the College of New - 
| Jersey in connection with my colleague, Prof. Young. I clearly 
= heard various numerals spoken by Prof. Young. I also 
jy heard Prof. Young say, Mary did not have a lamb, it was a 
* ‘* little black dog.” I, also using the Reis transmitter and Reis 
receiver, spoke many words and numerals to Prof. Young, 
which were correctly heard and reported among others, Little 
4% Jack Horner sat in a corner.” 
- December 25th, 1883, with the box transmitter and a needle re- 
9 ceiver I heard Prof. Young say, among other things, Old Dan 
‘‘ Tucker went to supper to get his Christmas pie.” 
4 December 27th, 1883, using the lever form of the Reis trans- 
* mitter and the McDonough receiver I heard Prof. Young say, 
Old Grimes is dead, that good old man, we ne’er shall see him 
more,” Old mother Hubbard’s dog fell into the well,” and many 
other words which I have not noted and do not now remember. 
Also I said many words to Prof. Young which he correctly heard 
and reported. 
I have used the common microphone transmitter in connec- 


for Letters Patent filed April 10th, 1876, in the United States 
Patent Office, marked Defendant’s Exhibit McDonough, 1876, 
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application and file for teleloge, and have you examined the 
drawings annexed thereto, and if so, please state whether you 
understand the construction and operation of the apparatus 
therein shown and described. 


A. I have read the specification and believe that I understand 


the apparatus therein shown and described. 

13 C. Please describe said apparatus, beginning with the 
transmitting instrument? 

A. The transmitter consists essentially of two metallic pieces 
separated from each other and attached to a membrane of parch- 
ment or other suitable material which is stretched upon a circu- 
lar hoop or frame, this latter being mounted and secured upon 
a base board which has a circular opening cut through it corre- 
sponding with the said hoop or frame. The two metal pieces 
attached to the membrane are thereby insulated from each 
other, but each is connected with a thin metal wire which forms 
a part of the conducting circuit. In addition a small saddle 
piece of metal is properly bent, so that arching upwards at its 
middle point its extremities can rest upon the middle pieces 
before mentioned. The saddle piece has at its middle a hole 
through which passes an upright bolt attached at its lower ex- 
‘tremity to the membrane and carrying above the saddle piece 
anut. The receiver consists of an electro-magnet, so mounted 
that its position can be adjusted in greater or less proximity as 
may be desired, to an iron armature which is carried by a mem- 
brane stretched over a hoop, as in the case of the transmitter 
already described. The helices of the electro-magnet by their 
extremities are joined in electric circuit with the transmitter. 
In this circuit and properly joined is a battery or other electro 
motor, it being understvod that the circuit is continuous from 
the transmitting to the receiving station. 

15 Q. State what you understand to be the essential elements 
of the transmitter and receiver described and shown in the said 
McDonough application? 

A. In my opinion, the essential element of the McDonough 
transmitter is the loose contact which exists between the metal 
pieces attached to the diaphragm or membrane and the saddle 
piece or contact piece which rests upon them. The membrane 
upon which they rest, by its movement under the iufluence of 
sound waves can cause change in the intimacy of this contact, 
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thereby causing variations in the intensity of the current trav- 
ersing the circuit. 

The essential elements of the receiver appear to be the elec- 
tro-magnet and its armature, together with its electric elastic 
membranous support; of course, either or both are useless or 
non-effective without the use of the battery in circuit. 


Adjourned by consent until Thursday, January 3d, 1884, 
at 11 A. M. 


; Met pursuant to adjournment this 3d day of January, 1884. 
Present—Counsel as before. 


16 Q. Please state whether you have ever tried a McDonough 
apparatus substantially like that shown in the McDonough ap- 
plication, —Defendant’s Exhibit McDonough, 1876, Application, 
—for the purpose of ascertaining whether articulate speech 
could be transmitted and received thereby, and if so, under 


’ what circumstances and with what result? 


A. I have experimented with constructed in close 
accordance with the drawings alluded to, and have been able to 
carry on intelligent conversation. 

In Physical Laboratory of College of New Jersey, November 
21st, 1883, in connection with my colleague, Prof. Young, I 
experimented with the McDonough transmitter and receiver, 
jomed up by a line wire and employing in the circuit common 
gravity battery. We clearly and unmistakably transmitted and 
reported many words, and also several complete sentences. 

On November 30th, we resumed the course of experiments, 
and with complete satisfaction. Among other sentences which 
were transmitted, I noted at the time ‘‘ Mary had a little lamb, 
its fleece was white as ink.” Other equally unexpected state- 
ments were made and correctly transmitted, and reported both 
by Prof. Young and myself. The instruments were then laid 
aside until the evening of December ist. We had in the circuit 
beside the McDonough instrument two common magneto receiv- 
ers, one at either station, of the. common “‘ butter-stamp form. 
After a little delay in adjustment, I retired to the room containing 
the receiver and heard, with wonderful clearness, ‘‘Old Mother 
Hubbard went to the cupboard, &c.” I ,then called to Prof. 
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Young through the magneto telephone, and requested him to 
change places with me. This done, I repeated four stanzas of 
the doggerel, Why, Phoebe, are you come so soon; where are 
your berries, child, &c.,” and ten or twelve lines of Cary’s 
Power of Eloquence,” beginning, Heard ye those loud con- 
tending waves,” &c. He then requested me to sing. I did so, 
and musical tones were reported as being heard satisfactorily. 
I have also used the McDonough receiver in connection with 
the Reis transmitter, as also set forth in a former interroga- 
tory. 

17 C. Please state whether vou now have in your possession 
or under your control the McDonough apparatus with which 
you transmitted and reproduced words and sentences, as stated 
by you in your last answer? 

A. The apparatus inquired of in this interrogatory was in 
the Physical Labaratory in the College of New Jersey, of which 
I am director, on the evening of January ist, 1884, subject to 
the call of its owner, J. W. McDonough. If it is there still it is 
in the care of my assistant, Mr. William Magie. It is not under 
my control, except for specific use in connection with interests 
involving Mr. McDonough, or by his permission. 

18 Q. Will you endeavor to procure his consent, that said 
apparatus may be filed and used in this case as an exhibit? 

A. I will. 

19 Q. In whose behalf were the experiments with the Mc- 
Donough apparatus which you have described conducted? 

A. In behalf of the Overland Telephone Company. 

20 Q. Please state whether you have read the two Bell pat- 
ents in suit, and if so whether you understand the contents 
thereof, and the construction and operation of the apparatus 
therein shown and described. 

A. I have read them, and believe that I understand their 
contents and the construction and operation of the apparatus 
shown and described? 

21 Q. Referring to the first Bell patent in suit, No. 174,465, 
dated March 7th, 1876, and particularly to the fifth claim there- 
of, will you please state what you understand to be the method 
and apparatus described in said patent, and referred to in said 
fifth claim? 

A. I understand the method to be that of producing varia- 
tions in the strength of a current traversing an electric circuit 
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by means of an electro magnet, before whose pole an armature 

eis made to vibrate, said current also traversing the coil of a 
second electro magnet before whose pole an armature may be 

: set in vibration by the changes in the current thus induced. 
7 The armature of the electro magnet which induces said varia- 
* tions in the current, is attached to a membranous diaphragm 
5 which may be set in vibration by means of vibrating reeds, 


musical instruments or musical tones uttered by the voice for 


the purpose of multiple telegraphy as set forth. The arma- 
ture of the second electro magnet which is at the receiving sta- 
tion, is also attached to a membranous diaphragm, and thus 
compels it to vibrate in correspondence with the changes of 
intensity in the current traversing the circuit. When musical 
notes are produced in the vicinity of the membrane at the 
transmitting station, this membrane accepts the vibrations so 
caused, and thereby makes the attached armature to vibrate, 
which by its inductive action produces changes in the inten- 


sity of the current traversing the circuit; of course the receiv- 


ing and transmitting instruments are in continuous circuit with 
each other, — 
moter. 

22 Q. Please describe a little more definitely what you under- 
stand to be the apparatus which is described and referred to in 
the fitth claim of said Bell patent, and what you understand to 
be the operation and purpose thereof? 

A. The apparatus, as I understand it, consists in the com- 
bination of an electro-magnet with its armature and a vibrating 
membrane, which latter is stretched upon a hoop or frame. The 
vibrating armature is by one extremity attached to said mem- 
brane and by the other loosely fastened to a portion of the elec- 
tro-magnet, so bent that the armature thus attached may be 
over and near the pole of the electro-magnet. So far the con- 
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upon which the membrane of the transmitter is stretched is 
conical in shape, the membrane being stretched across its smaller 
end. The frame of the receiver is also conical-shaped, the mem- 
brane being stretched across its larger end, while the smaller 
end is so contracted that it may enter the external ear, thus aid 
in conveying the sounds to the ear. 

23 QC. Please describe the operation of said apparatus a little 


ä 


struction is identical for both parts of the apparatus. The frame 
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more definitely than you have done when used in accordance 
with the specification of said pateat? 

A. The transmitter being at the sending station, and the re- 
ceiver being at the receiving station, one extremity of the coil 
of either being put to earth, the line wire joining the other ex- 
tremities and the battery in circuit, the operation will be as 
follows: If a musical note be uttered at the transmitter its mem- 
brane together, with the attached armature, will be set in vibra- 


ing changes in the magnetic moment of the electro-magnet at 
the receiving station will occur; the armature in front of its pole 
will thereby be set in vibration, and, being attached to its mem- 
brane, the latter will also vibrate, and the listener will hear a 
sound proceeding from the tube provided for that purpose. If 
the tone so uttered at the transmitting station be interrupted, 
corresponding interruptions will be produced at the receiving 
station, thus continued tones and interruptions may be made to 
take the place of dashes, dots and spaces in the Morse and other 
alphabets in use in telegraphy. 

Since membranes can vibrate under combined impulses of 
several sounds produced simultaneously, this apparatus may be 
employed for the transmission of several messages simultane. 
ously. Each tone uttered at the transmitter may be recognized 
at the receiver, and thus any particular message may be listened 
to, while others simultaneously transmitted may be discarded, to 
be attended to by other persons who are their proper correspond - 
ents. The purpose which may be subserved by this apparatus 
is the transmission of several messages without the necedsity of 
tuned reeds at the transmitting and correspondingly tuned reeds 
at the receiving station. 

24 C. Do you understand that said fifth claim, when taken 
in connection with the specification of said Bell patent, refers 
to any other method or apparatus for transmitting vocal or other 
sounds telegraphically than the apparatus shown in the draw- 
ings of said patent and its method or mode of operation as you 
have described? 

A. I find in the specification apparatus described and shown 
whereby notes of definite pitch proceeding from tuned reeds act- 
ing inductively upon electro-magnets may cause variation in the 
currents traversing the electric circuit which contains other 
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electro-magnets with their tuned reeds may beemployed for the 
transmission of several messages simultaneously, each reed be- 
ing thrown into vibration only by those changes in the current 
which in time correspond with its own rate of vibration. -The 
signals are made by interrupting the vibration at the sending 
station in accordance with the signals of the Morse or other 
code. | 
The description which I have just given refers to and is 
illustrated by Figures 5 and 6 of the drawings of — — 
fication. 
The description previously given refers to and is illustrated 


by Figure 7 of the same drawings. 


and receiving stations by means of magnetic induction, and may 
be called the magneto method. 

I do not find any other method than this referred to in the 
said fifth claim. 

25 Q. Referring to said Bell Patent No. 174,465, to extracts 
therefrom quoted by Prof. Cross in answer to interrogatory 15 
ee 
practical suggestion which would enable a person skilled in the 
—— e EC Rr 
the transmission of articulate speech? 

A. I do not find any such practical suggestion. 

26 Q. Do you find in said Bell Patent No. 174,465 any de- 
scription or statement to the effect that articulate speech may 
be telegraphically transmitted and reproduced by any apparatus 
therein shown or described? 

A. I do not. 

27Q. Have you examined and do you understand the con- 
struction and operation of the defendant’s apparatus and Com- 
plainant’s Exhibits Defendant’s Hopkins Transmitter ist, 2d 
and 3d forms, and the two forms of receiver accompanying the 
same? 

A. I have examined and believe I understand the apparatus 
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in question, supposing it to be similar in construction to that 
which is in my possession and with which I have experi- 
mented. 

28 Q. Please describe briefly the form or forms of Hopkins’ 
transmitter, which you have seen and with which you have 
experimented? ; 

A. It consists of a trumpet-shaped mou thpiece whose smaller 
extremity opens upon but does not touch a metallic diaphragm, 
which is carried in a supporting rim of metal. Said diaphragm 
has attached to its under side a block of hard carbon. Beneath 
this diaphragm is placed a small bottle containing mercury, 
through the open neck of this bottle which is placed vertically 
passes a vertical float-rod, through which passes endwise a 
metallic wire. The lower extremity of the wire is in contact 
with the mercury, while the upper extremity has resting upon 
it a second piece of hard carbon, which in the normal condition 
is held in contact with the first piece of hard carbon which is 
attached to the diaphragm. The said bottle coutaining mercury 
is of metal and is held in conducting contact with the frame 
which supports it. The second piece of carbon is joined by a 
thin metallic wire to the metal of the supporting frame. The 
whole so arranged that the loose contact between the carbon 
blocks can be suitably adjusted by raising or lowering the bottle 
containing the mercury, thus increasing or diminishing the 
pressure. The instrument is provided with binding screws 
suitably joined up to include the loose carbon contact pieces 
in the circuit. I have also seen the float-rod with platinum tip. 

29 Q. Have you ever connected up with a receiver a Hopkins 
transmitting apparatus for the purpose of ascertaining its capac- 
ity to transmit articulate speech, and if so, where and when? 

A. I have in the physical laboratory of the College of New 
Jersey sometime in the last week of December, 1883. 

30 Q. Please compare the Hopkins transmitting instrument. 
with the transmitting apparatus described in the first Bell pat- 
ent referred to in the fifth claim thereof and illustrated in Figure 
7 of said patent, and state whether you find the Hopkins trans- 
mitter substantially like or unlike said Bell transmitter, giving 
your reasons for any opinion you may express in the premises? 

A. Making such comparison I find the apparatus referred to 
to be essentially dissimilar. In the Hopkins transmitter there 
is interposed in the circuit and provided means for maintaining 
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loose contact of conducting substances included in the circuit. 
There is no electro-magnet or coil of wire acting inductively but 
simply means provided for producing variations in the relations 
of the contact pieces and corresponding variations in the current 
traversing the circuit. In the apparatus referred to in the fifth 
claim of Bell's patent and illustrated in Figure 7, there is an 
electro-magnet and vibrating armature arranged by its mofions 
to act inductively on said magnet thereby producing changes. in 
current strength and so setting in motion correspondingly. the 
armature and membrane at the receiving station. 

31 Q. Please compare the Hopkins transmitting instrument, 
Defendant’s Exhibits forms 1, 2 and 3, as you understand the 
same to be constructed, with the transmitting instruments 
shown and described in the McDonough application (Defendant’s 
Exhibit, McDonough Application, 1876), and the transmitting 
instrument shown and described in the Reis publications, and 
state wherein the same are like or unlike in construction and. 
operation, and whether they belong to the same class of instru- 
ments or to different classes? 

A. In all of them there is provided a loose contact piece or 
pieces of conducting substance so that alterations in the rela- 
tions of these loose contact pieces may produce corresponding 
alterations in the strength of the current. The forms and de- 
tails of construction present some dissimilar features, but they 
all belong to the same class in their construction and mode of 
operation. 

32 Q. Please compare the receiving apparatus chown and de- 
scribed in the McDonough application of April 10th, 1876, with 
the receiving apparatus described in the Bell Patent No. 174,465 
and shown in Figure 7 of the drawings of said patent, and state 
wherein the same are similar or dissimilar? 

A. The receiving instrument shown and described in Mc- 
Donough’s application contains the following devices: A vibrat- 
ing membrane carrying an armature capable of being acted upon 
inductively by a magnet. This membrane is stretched over a 
hoop which is mounted upon a board through which is cut an 
opening suitable for application of the ear in listening to the 
sounds produced by the membrane when in operation. Befure 
the membrane and near the armature which it carries is 
mounted, on an adjustable support, an electro-magnet, whose 
poles can be made to approach or recede at pleasure from said 
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armature. The ends of the wire encircling the magnet are led 
to suitable binding screws for the purpose of joining it up in cir- 
cuit. In the Bell receiver there is also a stretched membrane 
carried by a conical support or tube suited to be applied to the 
ear in listening. To one edge of this conical support is attached 
one uncovered leg of an electro-magnet so bent that the free 
pole of the covered leg shall look towards and be at a little dis- 
tance from the membrane. An armature is loosely connected 
with the uncovered leg of the electro-magnet by one extremity 
while the other is attached to the middle of the diaphragm, 
being so arranged that its middle portion is in front and near 
the pole of the covered leg of the electro-magnet. The extremi- 
ties of the wire serving to constitute the electro-magnet are 
joined in circuit so as to connect the receiver with the trans- 
mitter. In both is a stretched membrane. In both an electro- 
magnet attached to the stretched membrane, so as to be able to 
move it in accordance with the variations of magnetic moment 
produced by the transmitter. In both is a suitable opening to 
be applied to the ear in listening, while somewhat dissimilar in 
external form they belong to the same class, and when opera- 
tive, operate on the same principles. 

33 Q. State whether, in your opinion, the Bell receiver, as 
represented in Figure 7 of said Bell patent, embodies in sub- 
stance the combination of devices contained in the receiver 
shown and described in said McDonough application? 

A. It does. 

34 Q. Please state whether, in your opinion, there is any 
practical difference between the pulsatory and the 
currents referred to in the specification of said Bell Patent No. 
174,465, giving your reasons, if any, in the premises? 

A. In my opinion there is no practical distinction. I know 
of no device whereby a current can be suddenly estab- 
lished or suddenly interrupted so that a curve, properly repre- 


. senting its variation in intensity in successive instants of the 


change, shall not possess branches gradually developed and 
approximating more or less or completely similar to those prop- 
erly representing sound waves. 

35 Q. Referring to the second Bell patent, and particularly to 
the third claim thereof, state what vou understand the combina- 
tion of devices therein described to be? 

A. I understand them to be the combination of an electro- 
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magnet with a plate of iron or steel or other material capable of 
inductive action which can be thrown into vibration by move- 
ment of the surrrounding air or by the attraction of a magnet. 

36 C. Referring to Gray’s ‘‘Concave Metallic Diaphragm 
Magnet Receiver,” which is illustrated on page 766, vol. 2d, 
Dowd Record, will you please state what elements or devices. 
you find therein shown and how the same are combined? 

A. I find an electro-magnet mounted upon a vertical upright 
and in the cavity of a concave metallic support, carrying a 
metallic diaphragm capable of being acted upon inductively by 
the magnet and capable of being set into vibration by air pulses 
in response to sounds uttered in the vicinity, or by the inductive 
action of the magnet in accordance with the variations of its 
magnetic moment. 

37 Q. Referring to the sixth claim of said Bell Patent No. 
186,787, state whether, in your opinion, there is or is not any 
utility in a cover or sounding box, such as therein referred to 
for protecting the back side of the plate or diaphragm from ex- 
traneous noises? | 

A. In my opinion there is no practical utility in this device 
for so protecting the plate. 

38 C. Please refer to the Defendant’s Exhibit Holcomb Pat- 
ent No. 32,478, dated June 4th, 1861, and state whether you 
have examined the same and whether you understand the con- 
struction and operation of the electro-magnet therein shown and 
described? 

A. I have read the specification and believe I understand the 
construction and operation of the magnet therein described. . 

39 Q. Please describe briefly the construction and operation 
of said magnet as you understand the same? 

A. In its construction there is a permanent steel magnet U- 
shaped, with its extremities bent back at right angles; each of 
its poles is connected with an iron core surrounded by an helix 
of insulated wire thus constituting said core an adjunct electro- 
magnet, while it is, at the same time, strongly magnetized by 
the inductive action of a permanent magnet to which it is at- 
tached. In front of the poles of the compound magnet so 
formed is placed an armature so adjusted as to move before 
them as in a common relay magnet. Suitable adjusting screws 
and spring are provided for regulating the distance between 
armature and poles, and the whole is mounted on a base board 


provided with binding screws for making connection with the 
circuit when used. 

40 C. What advantages, if any, does said magnet possess. 

A. Greater sensitiveness to variations in the current which 
traverses its coils than would be possessed without the perman- 
ent magnet. 

41 Q. State whether or not the McDonough apparatus, with 
which you and Prof. Young conducted your experiments at the 
Physical Laboratory of the College of New Jersey, was made 
in substantial accordance with the apparatus shown and de- 
scribed in the McDonough application of April 10th, 1876. 

A. The drawing Figure 1 is a faithful representation of the 
apparatus we employed. 

42 Q. You have referred to some experiments, which you 
tried at the Smithsonian Institution at Washington, and at the 
Laboratory of Dr. Baxter, in the same city, in which a Reis 
transmitting instrument was connected and used with a Mc- 
Douough receiver, so-called, state if you know to whom said 
Reis transmitter belonged? 

A. I understand it to be the property of the Smithsonian In- 
stitution. 

43 Q. Do you know what became of the Reis instrument after 
your experiments with it were completed? 

A. It was left in the care of the electrician of the institution. 


Adjourned by consent until Friday, January 4th, 1884, at 
11 A. M. é 
S. H. W. 


New York, January 4th, 1884. 


Met pursuant to adjournment. 
Present—Counsel as before. 


CROSS-EXAMINATION BY E. N. Dickerson, EsqQ., OF PROFESSOR 
BRACKETT: 


44 x C. Do you consider the ordinary telephone, now in com 
mon use, to, be a multiple telegraph as that term is generally 
understood in the art of telegraphy, that is, an instrument for 
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transmitting two or more telegraphic signals simultaneously 
along a single wire? 

A. Undoubtedly the instrument may be employed in multiple 
telegraphy, if it were desirable thus to use it; as a matter of 
fact I do not understand that it is generally so employed. 

45 x-Q. Will you explain to the Court how an ordinary 
telephone with one receiver and one transmitter in circuit 
can operate as a multiple transmitter and receiver, in the 
sense in which a multiple telegraph is understood in the art? 

A. The question does not admit in my opinion of an exact 
and specific answer unless it be pointed out what form of com- 


mon telegraph is alluded to. 
46 x-Q. Then you mean to say, do you, that you do not un- 
derstand the distinction between multiple telegraphy and single 


telegraphy as those terms are used in the art, and that there- 
fore you do not understand my question? 

A. I, by no means, intend to be so understood, on the con- 
trary it is easy to show how with a common transmitter of the 
contact or magneto form now in use several dispatches may be 
simultaneously sent, and also how the same may be clearly 
received, and to point out the procedure for so doing with 
exactness when the forms of apparatus in their details are 
given. 

47 x-Q. And yet is it not perfectly true to your knowledge, 
that there is a clear distinction between multiple telegraphy and 
single telegraphy as those terms are understood in the art, and 
that that distinction depends upon the circumstance that in 
multiple telegraphy there are two or more transmitters at the 
serding end, and two or more receivers at the receiving end, con- 
nected by the same wire, and that in single telegraphy there is 


but one transmitter at the sending end, and one receiver at the Z 


receiving end on the same wire while the message is being 
sent? 

A. As to the first part of this interrogatory there is no doubt 
a clear distinction between multiple telegraphy and single 
telegraphy as those terms are understood, I do not under- 
stand that that distinction as a matter of theory in the least 
depends on the conditions set forth in the interrogatory. That 
it has been found convenient in practice, and as a matter of fact 
is the practice to use several transmitters with their correspond- 
ing receivers, is perfectly true. 
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48 x-Q. I have not asked you about the theoretical possibility 
of transmitting a number of independent messages through one 
transmitter and one receiver simultaneously, but I ask you 
whether it is not in fact true that the distinction between. 
multiple telegraphy and single telegraphy as the same is under- 
stood in the art, depends upon the fact that in the one case but 
one transmitter and one receiver is used, and in the other case a 
number of transmitters and a number of receivers are used? 

A. No doubt this is the distinction which practical tele- 
graphers make. 

49 x-Q. Now, applying that definition to the ordinary tele- 
phone having one transmitter and one receiver in circuit, won’t 
you be good enough to tell the Court whether such an apparatus 
as that belongs to the class of multiple telegraphs or single tele- 
graphs. 

A. It unquestionably belongs as much to the one as to the 
other when we apply this distinction, and also keep in mind the 
fact that, as a matter of practice, two or more persons may and 
often have simultaneously talked, and been understood by their 
correspondents by means of ordinary speaking telephones. 

50 x-Q. Then you mean to say to the Court, do you, that in 
the art of telegraphy a single transmitter and receiver’ are under- 
stood to be a multiple telegraph? 

A. The words telegraphy and telephony have very broad 
meanings, and in the interrogatory appears to be a usage of 
these terms not altogether clear and distinct. I do not under- 
stand that the use of these terms, as understood to-day, is so 
broad and indefinite as at the time when it was common to speak 
of telegraphically transmitting sounds. Limiting the word teleg- 
raphy strictly to its common acceptation, in which no reference 
is made to articulate speech, and telephony to its acceptation in 
which it signifies transmission of articulate speech, I do not 
mean to say that the — is a telegraphic instrument of 
any kind. 

51 x-Q. Is a Morse instrument with one sender and one re- 
ceiver in circuit a multiple telegraph or a single telegraph as 
those terms are understood in the art? 

A. A single telegraph. 

52 x-Q. Is it not theoretically possible to transmit more than 
one message at the same time through that apparatus? 

A. It may be. 
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53 x-Q. But you would not say on that account that such an 
apparatus was known in the art as a multiple telegraph, would 
you? 

A. Certainly not, unless to those who had actually employed 
it in such a way, or known of its having been so employed. 
It could not or would not on that account be called a multiple 


54 x-Q. Then, if I understand you, you say that to those who 
know the fact that a single Morse sender and receiver is capable 
of transmitting two simultaneous messages, the term multiple 
telegraph as used in the art, either in publications or in conver- 
sation, would not convey the idea of two or more senders and 
two or more 2 but to those who were ignorant of that 
fact, it would. 

A. Such is not my meaning. 

55 x-Q. Is it not perfectly true that the terms multiple teleg- 
raphy, and single telegraphy convey perfectly distinct mean- 
ings, which are entirely independent of or unaffected by the 
fact that a single sender and receiver may be used as a multiple 
telegraph? 

A. Among practical operators this may be so, probably is so. 

56 x-Q. Is it not just as true among scientific men and in all 
publications whatever that relate to such subject. If you say it 

isn’t true, refer the Court to any publication or to any technical 
dictionary in which a single sender or receiver is denominated 
a multiple telegraph, or in which there is any statement that 
the term multiple telegraph has ever been applied in the art to 
a single sender or receiver. And if you cannot refer to any such 
authorities, will you name the person whoever told you, before 
you were employed in this case, that a single sender and re- 
ceiver were known in the art as a multiple telegraph? 

A. I refer the Court to the specifications of Alexander 
Graham Bell for Patent No. 174,465, in which a system of mul- 
tiple telegraphy, so-called, is explicitly set forth and an appa- 
ratus shown and described for that purpose. 

57 x-Q. Do you know of any other publication or authority 
in which a single transmitter and receiver is denominated a 
multiple telegraph? 

A. I do not remember that the words multiple telegraph 
have been explicitly elsewhere used as designating such an ap- 


paratus. 


* * 
—— ———— —V— —ê— neue ve — 


2 —— —ů —̃ T—ͤ— 


>% 


188 EVIDENCE FOR DEFENDANTS. 


53 x-Q. Before you were employed in this case, whoever told 
you that the word multiple telograph was applied in the art to 
describe a single transmitter and receiver? 

A. I do not remember that any person, either before or after 
I was employed in this case, e- er told me that the word multi- 
ple telegraph was so employed. 

59 x-Q. If you say that Mr. Bell describes a single trans- 
mitter and receiver as a multiple telegraph in his specification, 
point out to the Court the sentence or paragraph in which he so 
describes it? 

A. In the beginning of the third paragraph of said specifica- 
tion he’says: ‘* In illustration of my method of multiple tele- 
‘< graphy I have shown in the patent aforesaid an electro-mag- 
net, &c.” After pointing out the method of operation alluded 
to, he shows its defects and points out that they consist in the 
fact that he has employed an interrupted current. He then 
says: My present invention consists in the employment of a 
‘* vibratory or undulatory current of electricity in contradis- 
‘* tinction to a merely intermittent or pulsatory, and of a 
method of and an apparatus for producing electrical undula- 
tions on the line wire.“ And in the drawings accompanying 
said specification Figure 7, he shows an apparatus for this pur- 
pose, which may therefore fairly be called-a multiple telegraph, 
having a single transmitter and a single receiver. 

60 x-Q. Do you mean to say to the Court that Mr. Bell, in 
his specification, either says that Figure 7 is a multiple tele- 
graph or telephone, or that in point of fact the thing there 
shown and described is a multiple telegraph or telephone in the 
same sense in which in the same specification he describes a 
multiple telegraph to be composed of a number of transmitters 
and a number of receivers all connected to one wire? 

A. Mr. Bell nowhere specifically designates apparatus shown 
in Figure No. 7, nor in Figures 4, 5 or 6, as multiple telegraph. 
Yet the whole specification entitled Improvement in Telegraphy, 
when all its parts separately or connectedly are considered and 
compared, make it evident to my mind that his alleged inven- 
tion pertains as a whole to the matter of multiple telegraphy. 

61 x-Q. That is to say, if I understand you, you think that 
Mr. Bell designed and described Figure 7 as an apparatus for the 
purpose of transmitting at the same time a number of inde- 
pendent sounds to be converted into independent messages, just 
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as he contrived and described Figure’6, having a number of 
transmitters and a number of receivers on the same line, and of 
which he says: ‘‘ Hence, by these instruments, two or more tel- 
% graphic signals or messages may be sent simultaneously over 
the same circuit without interfering with one another.” Am 
I right? ‘ 

A. In my opinion you are undoubtedly correct in so inter- 
preting the design which Mr. Bell had at the date of his specifi- 
cation, in connection with the apparatus described and shown 
in Figure 7. 

62 x-Q. In Figure 6 each set of impulses communicated to 
each of the several senders at one end is kept separate from all 
the others on the line wire, and distributed at the receiving end 
to the appropriate receivers, where a number of listeners, each 
for himself, hear the signals which are transmitted from a 
number of senders. Is that not the design and effect of the 
plan described and illustrated by Figure 6? 

A. The statement made in this interrogatory is entirely false 
in fact, and hence no conclusion whatever can bedrawn from it. 
The messages are not kept separate nor could they be by any 
device known to science, but are sent as a collected whole on 
the wire. 

63 x-Q. I used in my question a form of expression not scien- 
tifically accurate, but which I supposed conveyed the meaning 
to one who understood the subject as scientific men usually do; 
I will be more accurate in future and hope to escape the accusa- 
tion of making false statements. The question now I will re- 
peat in more accurate terms. Is not this the mode of operation 
of the multiple telegraph described in Bell’s patent by reference 
to former patents and by general descriptions in the specifica- 
tions itself, viz.: 1st, a number of electrical impulses are sent 
over a wire from a number of independent transmitters simul- 
taneously. 2d, these impulses jointly are transferred through 
the wire by some means not at present accurately known to 
scientific men, but commonly called a transmission or 4 flowing 
of the current, or some similiar expression to convey an intel- 
- ligible idea of the phenomenon. 3d, when these aggregated 
impulses arrive at the receiving end of the line they are selected 
by a number of receivers corresponding with the number of 
transmitters, each receiver responding to the impulse which was 
given through or by the transmitter in unison with it. By 
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means of which two or more telegraphic signals or messages 3 
„may be sent simultaneously over the same circuit without in- * 
‘* fering with one another ” ? 

A. Anumber of distinct messages may be combined into one 
common representative, so far as the compound vibration of a 
membranous diaphragm is concerned, and by means of the elec- 

3 . trical control which it exerts upon the circuit as set forth in 
3 4 Bell's specification, transmitted as a whole and resolved into its 
3 . constituent parts at the receiving station as independent mes- 
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a sages. Precisely the same result so far as the electrical trans- 
| mission is concerned will follow when the electrical disturbances 
i are set up in the line wire by many independent transmitters. 
= The only difference in the two modes of operation arises from 
| the fact that a single membrane can and does represent sev- 
eral distinct transmitting instruments. 
64 x-. I have not asked you about membranes, or any other 
4 | things than are described in Figure 6, and I ask an answer to 
= ta my question? 
2 1 A. Undoubtedly many messages sent in accordance with the 
plan shown in Figure 6, alluded to, will be transmitted in the 
= form of a compounded electrical impulse or impulses, which will 
ö be resolved by suitably tuned receiving instruments. 
: 65 x-Q. Is it not one of the characteristics of the multiplex 
: telegraph desecribed in Figure 6 of Bell’s patent, which it has in 
4 common with any duplex, quadruplex, sextuple, or any other 
multiplex telegraph that vou know of, that there are two or more 
independent transmitters, each of which is designed to be oper- 
ated by an independent operator? 
t A. It is, with the exception of that particular form illustrat- 
4 ‘ ed in Figure 7 of the same patent. 
= if 66 x-Q. Then you mean to swear, do you, that in Figure 7 
| there are two or more independent transmitters, each of which 
| is designed to be operated by an independent operator? 
— i A. Ido not; but on the contrary, a single transmitter which 
: may be simultaneously operated by two or more operators and 
a single receiver which may be employed by two or more list- 
eners. : 
67 x-Q. Is it not also true that one of the characteristics of 
the multiplex telegraph described in Figure 6 of Bell’s Patent, 
which it has in common with any duplex, quadruplex, sextu- 
plex or any other multiplex telegraph that you know of, that 
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there are two or more independent receivers each of which is 
designed to be attended to by an independent operator? 

A. It is true as implied in the question, except that in the 
plan shown in Figure 7, a single receiver may be listened to 
and different messages may be received simultaneously from it. 

68 x-Q. Is it not true that another characteristic of the mul- 
tiplex telegraph shown in Figure 6 of Bell’s Patent, which it has 
in common with any duplex, quadruplex, sextuplex, or any 
other multiplex telegraph that you know of, that the apparatus 
as a whole unites the impulses given to or through each of the 
independent transmitters and then at the end of the line auto- 
matically analyses and separates them, distributing them, each 
to its appropriate receiver! 

A. The result set forth in this question is practically attained 
though I should prefer another way of stating it. I would 
rather say each receiving apparatus selects automatically its 
own message. 

69 x-Q. Now, which of those three characteristics of the mul- 


tiplex telegraph Figure 6, viz.: 1st, a series of independent trans- 
mitters; 2d, a corresponding series of independent receivers; and 
3d, the capacity for automatically selecting from the common 
electrical impulse the message intended for its appropriate re- 
ceiver—has the apparatus described and shown in Figure 7 of 
that patent? : 

A. In distinct and separate form the first two characteristics 
of being independent are absent; but in virtue of the fact that a 
membrane can and does vibrate so as to represent any number 
of impulses occurring simultaneously the membrane of the 
transmitter represents practically any number of independent 
transmitters which would otherwise be present. The same prin- 
ciple is true of the menbrane of the receiver. This latter so 
vibrating as to represent and copy the combined impulses of the 
transmitter, is heard by independent listeners, to deliver the 
messages of their proper correspondents. 

70 x-Q. The question I asked in respect to the 3d character- 
istic was this: does Figure 7 either in the description by Mr. Bell 
or from an examination of the drawing itself, which is substan- 
tially the ordinary magneto telephone, have “‘The capacity for 
e automatically selecting from the common electrical impulse 
the message intended for its appropriate receiver.” Do you 
now mean to swear, that that apparatus automatically selects 
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one message from another and sends it to its appropriate re- 
ceiver while it sends other messages to their receiver: 

A. I mean only to say that representing several receivers it 
presents simultaneously and at the same place when it is oper- 
ative the messages delivered to its correlative transmitter. 

71 x-Q. Then if it is true, as you have sworn, that Figure 7 
was designed by its inventor to be An apparatus for the pur- 
pose of transmitting <t the same time a number of independent 
sounds to be converted into independent messages,” and that the 
thing has that capacity, then it must be equally true that all 
telephones with which you are acquainted, have the same ca- 
pacities, and that if Mr. Bell was the inventor of that apparatus, 
he was the inventor not only of a single telephone, but of a mul- 
tiplex telephone. Is not that true? 


Counsel for defendants objects to the question as incom- 
petent upon the ground that the question is argumentative 
and calls for the legal conclusions of the witness as to 


facts and circumstances which are immaterial and as to 


facts which are outside of the patent, which is the only 
proper question under consideration. 


A. I do not think that would follow. 

72 x-Q. If Figure 7 is a multiplex telephone, then is not the 
defendant’s telephone also a multiplex telephone? 

A. Undoubtedly it is a multiplex telephone if one so chooses 
to designate it. 

73 x-Q. Is it not a multiplex telephone or telegraph, exactly 
m the same sense as Figure 7 is? 

A. Acommon telephone of the magneto system may un- 
doubtedly be used and in such use will be a multiplex telegraph 
in the same sense as the iustrument shown in Figure 7 is. I do 
not understand the patentee anywhere in the patent to claim 
that he has shown an apparatus to be used as the modern 
telephone is used, nor has he anywhere employed that word in 
designating it. 

74 X-. I have not asked you up to this time for a construc- 
tion of this patent, generally preferring to have that done by 
the tribunal to which the law commits it. The questions I am 
asking relate to the machines as they are exhibited in the draw- 
ings and described and as they are known to you otherwise as 


193 


DEPOSITION OF CYRUS F. BRACKETT. 


an expert, and I ask you, therefore, not to occupy time nor en- 
cumber the record with your legal views of this specification. 
Iask you if you know the apparatus of the defendant, which 
is the subject of this suit? 

A. I do. 

75 x-Q. Now suppose that to be in operation having the 
transmitter, line wire battery and receiver in operative condi- 
tion do you consider that a multiple telephone or telegraph or 
do you consider it a single telephone or telegraph? 

A. I should characterize it simply a telephone without fur- 
ther designation, in accordance with the custom. 

76 x-Q. Has it not the same capacity which you have said 
exists in Figure 7, viz.: the capacity for transmitting at the 
same time a number of independent sounds to be converted into 
independent messages at the receiving end of the apparatus? 

A. No doubt it has. 

77 x-. Has it not also in common with an apparatus like 
Figure 7 the capacity to transmit and receive single sounds or 
sound emanating from one source such as the human voice 
produced by one person? 

A. Of course it has. 

78 x-Q. But you think, do you, that Mr. Bell did not know 
that his apparatus was capable of transmitting the human voice 
produced by one person and listened to by another, while at the 
same time he did know that it was capable of transmitting 
a number of independent voices to be listened to by a number of 

listeners? 

A. I have nowhere expressed, nor do I now assert any such 
belief. , 

79 x-Q. Do you know anything about Mr. Bell’s belief or 
knowledge on the subject, except what you derive from the 
patent? 

A. No. 

80 x-Q. Is it not believed to be true that in the transmission 
of sound through the atmosphere the air particles make excur- 
sions to and fro in the line of direction in which the sound is 
transmitted, pausing at each end of the vibrations and returning 
just in the same manner that a pendulum swings to and fro? 

A. The pendulum when vibrating through an infinitely 
small arc represents such vibrations. 
$1 x-Q. Does not Mr. Bell in his specification describe a 
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method for transmitting the effect of sound vibrations from his 
transmitter to his receiver by means of undulations in the elec- 
trical current, which are similar in form to the air vibrations 
caused by the sound, and that the two sets of vibrations may be 
represented graphically by similar curves? 

A. _He docs, and I find that he adds the words without 
error.” 

82 x-Q. Point out where in his description of the method of 
transmitting the human voice through an apparatus like Figure 
7, he makes the statement that the electrical undulations are 
similar in form to the air vibrations caused by the sound with- 
out error.” - 

A. On page 3, last paragraph, he says, “Electrical undula- 
tions, induced by the vibrations of a body capable of inductive 
action, can be represented graphically without error by the same 
sinusoidal curve which expresses the vibration of the inducing 
body itself,” which, he has before declared, also represents 
Ranges 
vibrations. 

83 x-Q. — tb tote tse tiutadustecunt su 
sented by a sinusoidal curve cannot produce an electrical undu- 
lation by the intervention of an inductive action which can be 
represented graphically without error by the same sinusoidal 
curve; aud if you know that to be true, how and when did you 
make that discovery? 

A. Iam as sure as I am of most facts on which we place 
implicit confidence that while such undulations may be graphic- 
ally represented with approximate similarity, they cannot so be 
represented without error; and as I have been asked when I 
made that discovery, I may answer generally that the results in 
telephonic transmission, as a matter of fact, never do, to the 
best of my knowledge and belief, exactly correspond with and 
copy the sounds delivered to the transmitter. Accurate dates as 
to when I made this discovery I cannot give. It is notoriously 
a subject of discussion by mathematicians and experimental 


‘physicists to determine the laws which govern the changes 


found to exist between the spoken and received words of a tele- 
phone. My knowledge is partly derived from experience and 
is partly theoretical. 

84 x-Q. The quotation which you make is from a theoretical 
discussion in the specification and does not form a part of the 
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description of the operation performed by Figure 7, is not that 
so? 


A. Yet it is material to Mr. Bell’s explanation of the way in 


which the apparatus shown in Figure 7 will operate. 
85 x-Q. I repeat my question, and demand an answer to it. 


The counsel for the defendant says to the witness that 
he must answer the question as he conscientiously thinks 
is right, and not answer it in a particular way simply be- 
cause Mr. Dickerson so wants it. 


A. There is no special and explicit description of the way in 
which the apparatus shown in Figure 7 acts, that I remember, 
except that shown on page 7 of the specification, beginning with 
the words when a sound is uttered in the cone, the membrane 
a is set in vibration, &c.” . 

86 x-Q (Question repeated). 

A. It is, by the terms of my last answer. 

87 x-Q. Now, when Mr. Bell came to describe the electrical 
undulations produced by the human voice through the appar- 
atus, Figure 7, he says, These undulations are similar in form 
to the air vibrations caused by the sound—that is, they are rep- 
resented graphically by similar curves.” Now, don’t you under- 
stand that statement to be substantially true for all practical 
purposes? 

A. Yes. 

88 x-Q. And don’t you understand that that is a different 
statement from that made in the theoretical discussion of a 
simple sinusoidal curve from which you have already quoted, 
the one being a practical statement of the operation of Figure 
7, and the other being a theoretical discussion of the problem 
of a simple undulation represented by a sinusoidal curve? 

A. The statements differ, doubtless, in respect to the ac- 
curacy which the author thought necessary to use in his ex- 
pressions. : 

89 x-Q. Does not that statement of the operation of Figure 7 
express the idea to you that the strength of the current will 
vary continuously and as nearly as may be in a simple pro- 
portion to the velocity of a particle of air engaged in constitut- 
ing the sound? 

A. I have no doubt that that was its author’s intention; also, 


that it is not strictly true. 
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90 x-Q. Is it not practically true for the purpose of effecting 
the object proposed? 

A. Understanding that object to be to devise means for mul- 
tiple telegraphy and that the sounds employed shall be such as 
he has set forth and described in said specifications, it would be 
practically true, only when proper conditions are observed in 
the arrangement of the instruments, lines and pitch of the 
sounds employed. 

91 x-Q. In his specification, Mr. Bell says, another mode is 
shown in Figure 7, whereby motion can be imparted to the 
armature by the human voice.” Now, suppose the human 
voice to communicate motion to the armature with the appar- 
atus in working order, would it not then be true that the elec- 
trical undulations induced by the vibrations of the armature 
would be practically similar in form to the air vibrations pro- 
duced by the human voice engaged in causing the vibrations of 
the armature? 

A. The answer to that question will depend on several con- 
ditions, some of which are not set forth in the question itself. 
For all continuous tones the answer is undoubtedly yes, pro- 
vided only that the amplitude of vibration in which they consist 
is sufficient to determine a current whose intensity will, through 
the line employed, be sufficient to cause appreciable vibrations 
in the receiver in accordance with the description set forth. 

92 x-Q. You mean to say by all these words that if the voice 
is loud enough the effect will be produced? — 

A. That is a part of what I mean. 


Adjourned by consent until Saturday, the 5th day of Janu- 
ary, 1884. 
S. N. W. 


Met pursuant to adjournment this 5th day of January, 1884. 
Present— Counsel as before. 


93 x-Q. In your 22d direct answer, when describing Figure 7, 
you say: The frame of the receiver is also conical shape, the 
% membrane being stretched across its larger end, while the 
** smaller end is so contracted that it may enter the external 
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c ear, and thus aid in conveying the sounds to the ear.” Is it 
your opinion that that construction was designed or the result 
of some accident? 

A. I have no doubt it was designed. : 

94 x-Q. In your 61st cross-answer you say that, in your 
opinion, Mr. Bell designed and described Figure 7 as an ap- 
% paratus for the purpose of transmitting at the same time a 
number of independent sounds to be converted into a number 
of independent messages just as he described Figure 6, having 
‘‘a number of transmitters and a number of receivers on the 
game line.” Now, suppose the design of the patent to be car- 
ried into effect and the listener to have the narrow end of the 
cone in his ear, will you be good enough to explain to the Court 
how a number of independent messages may be practically 
transmitted through the apparatus Figure 7 and be intelligibly 
communicated to the different persons for whom they are de- 
signed? 

A. The meagreness of Prof. Bell’s specification so far as re- 
lates to figure 7 does not enable me to say how Prof. Bell him- 
self would proceed at the date of said specification. Several 
alternative methods are readily imagined by which this may be 
done; for instance, one person may apply the contracted conical 
end to the external ear, while one or more persons may simul- 
taneously, having their ears in the neighborhood of the reverse 
side of the membrane, distinctly hear and interpret such con- 
tinued musical notes as the apparatus there shown was fitted 
to transmit, and by attending to their continuity or inter- 
ruptions in accordance with the telegraphic code understand the 
signals designed to be transmitted. Or, again, suppose several. 
such instruments at a receiving station all in circuit with their 
conical extremities applied in accordance with the design to the 
ears of the respective listeners, any one of whom may at pleas- 
ure listen to the message designed for him discarding all the 
others, thus having it in his power to attend to that message, 
whose significance shall show it to be specially designed for him. 

95 x-Q. Do you think of any other methods by which this 
apparatus with the cone in the ear of the listener could have 
been worked practically as a multiple telephone at the date of 
the patent? 

A. Ido not think of any way unless one listener might be 


able to attend to two messages or more at the same time. I do 
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not, however, suppose that that was Mr. Bell’s design. 

96 x-Q. Don’t you believe that now, after eight years of ex- 
periment and controversy to which this invention has given 
rise, you know as much of the potentiality of that apparatus as 
it was in 1876, as Mr. Bell knew at that time? 

A. I have not sufficient knowledge of how much Mr. Bell 
knew at the date of that patent to enable 1 
terrogatory with fairness to Prof. Bell. 

97 x-Q. But so far as you understand the 8 
not able to suggest any other probable design which Mr. Bell 
had in his mind for the purpose of making figure 7 a multiple 
telephone? 

A. The only guide which I can adopt in endeavoring to find 
what was Mr. Bell’s design at the date of that specification, is 
the specification itself, taken as a whole which, as I have already 
said in a former answer, is not sufficiently explicit. 

98 x-Q. Will you be good enough, in order to assist the Court 
in coming to your conclusion on the subject, to point out in the 
specification the sentence or paragraph in which Mr. Bell sug- 
gests or intimates, either that figure 7 may be used as a multiple 
telephone by having one man hold the end of the receiver to his 
ear, and have other men standing around him near the opposite 
side of the diaphragm, each listening for his own message which 
is coming in combination with other messages over the wire 
for him to select from; or by having a number of receivers 
strung on the same circuit, thus affording one to each listener, 
while a number of messages are poured into the transmitter 
simultaneously? 

A. What the learned counsel has designated as my conclu- 
sion, is simply my conjecture after a lapse of years from the 
date of the specification, of possible ways in which apparatus 
shown in figure 7 might be used in what Prof. Bell calls a sys- 
tem of multiple telegraphy. As already said in a previous an- 
swer, there is no description sufficiently explicit to enable me to 
understand the precise manner in which Prof. Bell, at the date 
of his specification, could or might have used the apparatus 
intended to be illustrated by figure 7, in his general system. 
The question assumes that said apparatus is a multiple tele- 
phone. I do not find in that specification any intimation what- 
ever that it was regarded by Prof. Bell as a telephone of any 
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kind whatever, in the sense in which that term is now em- 


ved. 

99 x-Q. Is not figure 7 a telephone, as that term was known 
in 1876 or to-day, viz., an instrument for the purpose of trans- 
mitting sound to a distance over a wire as distinguished frim a 
telegraph which transmits motion to a distance over a wire and 
which, if it produces sound, does so by an .apparatus such as a 
sounder of the Morse system placed at the terminus of the line? 

A. I do not understand that the motion, said to be trans- 
mitted by said apparatus or by the telegraph as defined by the 
question, while being transmitted over the line, is the motion of 
a mass of matter as such at all, but that in both cases, if motion 
is really transmitted along the line, it is probably molecular, and 
in that respect both arrangements are alike. Also when said 
molecular motion is at the receiving station converted into in- 
telligible signals, it is in both instances so done by the motion 
of a mass of matter so adapted and arranged as to communicate 
sonorous impulses to the air. 

100 x-Q. I will try again. In 1876, was there not a well 
known distinction between telegraphs and telephones? The 
latter class being instruments whose object was to produce a 
sound at the receiving end similar to that uttered at the trans- 
mitting end; such for instance, as the apparatus known as the 
Reis telephone? 

A. Unquestionably the Reis apparatus was known long prior 
to 1876 by the name of telephone, given to it by its inventor, 
who, however, set himself an entirely different problem from 
the one set forth in Prof. Bell’s specification. The apparatus 
does not seem, however, tu have been widely known among 
merely practical telegraph operators, therefore the distinction 
was not general, probably. 

101 x-. Then you mean to swear, do you, that Mr. Reis did 
not set himself” the problem of constructing an apparatus 
that would reproduce at the receiving end sounds similar to 
those that were uttered at the transmitting end? 

A. By no means; but, on the contrary, I mean to say only 
that I find no evidence that Philip Reis intended or endeavored 
to develop a system of multiple telegraphy such as is the de- 
clared purpose of Prof. Bell in his specification. 

102 x-Q. Passing by for the moment your assertion that the 
declared purpose of Prof. Bell in respect to figure 7 about which 
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you are talking, is to produce a multiple telegraph or multiple 
telegraphy. I ask you whether it is not plainly written in Bell’s 
specification that figure 7 is an apparatus for producing, at the 
receiver, a sound similar to that uttered at the transmitter? 

A. No doubt such is a fair inference from the language em- 
ployed in describing the operation of figure 7, which language is 
found on page 7 of Bell’s specification. 

103 x-Q. And is it not equally true that the apparatus de- 
scribed by him, operated upon the principles by him described, 
is adapted for reproducing with approximate accuracy whatever 
sounds are uttered at the transmitter? 

A. An affirmative answer of an unqualified character to the 
question as it stands I do not believe can be truthfully made. 

104 x-Q. You mean to say by that, I presume, that in figure 
7, as in other telephones, there is a limit to the range of sounds 
which the instrument is capable of reproducing. Is not that 
the qualification which you suppose your answer to convey; if 
not, what other qualification do you wish to impose upon the 
question before you can answer it affirmatively? 

A. The expression, as in other telephones, would so restrict 
me in my answer that I shall be obliged to say that in my 
opinion the range of capacity lies in such narrow limits as to 
practically exclude the instrument illustrated in figure 7, and 
which I suppose to be constructed in substantial accordance 
with the design which is there meagrely set forth from the class 
of efficient telephones with which it is sought to be compared. 

And my reason for this opinion is found in the fact that in said 
specification functions known to be subserved by telephones 
now in use are not claimed for it. 

105 x-Q. Do you consider that in 1876 the Reis instrument 
was an efficient telephone, capable of performing functions 
‘* known to be subserved by telephones now in use? 

\ A. In answering this question I am guided by the claims set 
forth by Reis himself and others, and which I believe are not 
in dispute, that it could and did, imperfectly it may be, sub- 
serve the functions to which I have alluded. Instruments 
; constructed in substantial accordance with the descriptions of 
‘ : Reis, of my own knowledge, may be made to transmit intelli- 
4 gible communications. 
106 x-Q. Then, if I understand you, you mean now to swear , 
that the Reis apparatus, made in accordance with the drawings 
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and descriptions referred to, was in 1876 an efficient telephone, 
capable of performing functions known to be subserved by 
„ telephones now in use,” so that it might have been put on a 
line and practically used as a telephone, and is therefore prop- 
erly called a telephone, whereas an apparatus like Figure 7 of 
the Bell patent, constructed and operated upon the principles 
described by him, is an inoperative instrument and is incavable 
of performing functions known to be subserved by telephones 
now in use,” and is therefore not to be properly called a tel- 
ephone? 

A. Counsel has understood more than my answer is intended 
to convey. In a previous answer I have said that the Reis ap- 
paratus subserved functions ‘‘known to be subserved by tele- 
„phones now in use, imperfectly it may be.” I do find that Reis 
explicitly declares his object to be to transmit articulate speech. 
I do not find in Prof. Bell’s specification that he intended or 
’ endeavored or succeeded in transmitting articulate speech. I 
do not intend to declare that one might not apply the word 
telephone to the apparatus shown in Figure 7, nor do I mean to 
imply that I have any knowledge or belief that an apparatus 
constructed in accordance with Figure 7 had ever, prior to or at 
the time of the date of said specification, been employed as a 
telephone in the sense in which that word is now in use. 

107 x-Q. You have sworn in substance, that in your opinion 
the range of capacity of an instrument like Figure 7 lies in 
such narrow limits as to practically exclude it from the class 
of efficient telephones.” Now, that is a specific statement of 
your opinion of the instrument itself. You have also sworn 
that the Reis instrument was a telephone. Now, I ask you, 
without encumbering the record with a statement of what you 
do not know about Mr. Bell’s history, or with any other matter 
foreign to the consideration of these two instruments as existing 
facts in the world, to tell the Court why, in your opinion, the 
Reis instrument is properly called a telephone and the apparatus 
Figure 7 ought not to be classed as a telephone? | 

A. The Reis instrument is properly so designated because, 
as the word which Reis applied signifies, it is capable of and 
will produce sounds at adistance. And he himself declares that 
it was his purpose to transmit articulate speech, the word 
thereby acquired and still has a signification which implies such 
an office. The instrument shown by Prof. Bell is not so called 
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* its inventor, but is shown in connection with and is a part 
of specification filed with his application for letters patent for a 
system of multiple telegraphy, in which he distinctly uses the 

terms signals in accordance with current telegraphic language, 

and nowhere hints at any intention on his part of employing it 

as an instrument for transmitting articulate speech. 

- 0S x-Q. Will you take the trouble to refer to the Bell patent 
7 and show the Court where Mr. Bell made an “application for 
letters patent for a system of multiple telegraphy,” and i 

order to assist you I refer you to the title of that patent, which 

is for an Improvement in Telegraphy,” and is not fora system 

of multiple telegraphy, and in which the inventor’s statement 

is in these words: ‘“‘Be it known that I, Alexander Graham 

Bell, of Salem, Massachusetts, have invented new and useful 
improvements in telegraphy, of which the following is a 


** specification. 

A. Referring to said specification, I find in drawing Figure 
6, which is a part thereof, and which, taken together with Bell's 
explanation found on pages 6 and 7 of said specification, not- 
withstanding the fact that the title of said specification is Im- 
provement in Telegraphy,” sets forth a system of multiple 
telegraphy. And I further find in said specification, page ist, 
that Prof. Bell uses the words In illustration of my method 
of multiple telegraphy,” evidently meaning a system previously 
set forth, and that he goes on to point out its defects and to 
show how said alleged improvement in telegraphy is obtained 
by the use of a closed circuit embracing several instruments, of 
which Figure 7 as well as Figure 6 are illustrations. 

109 x-Q. And then: you infer that because under a patent 
whose title is an Improvement in Telegraphy” Mr. Bell de- 
‘scribes a multiple system; therefore the telephone described in 
Figure 7 must also be a multiple system of telegraphy. Is not 
that the mode by which you arrive at the legal conclusion to 
which vou have been swearing? 

A. Notwithstanding the expression used in the last clause of 
the question, I have not nor do I intend to usurp any functions 
not belonging to me as a scientific expert, but merely to say 
what I understand to be the fair and proper construction of the 
language set forth and the illustrations used in said specification 
as a guide to those skilled in the art to construct and use such 
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apparatus as the specification relates to. I have no legal opinion 
whatever. 

110 x-Q. Does not the paragraph in the Bell patent com- 
mencing with the words The armature C, Figure 7,” in con- 
nection with the drawing, describe an apparatus sufficiently to 
enable the thing to be made and operated by a person familiar 
with the laws of electricity? 

A. Undoubtedly, if it be taken into account that the object 
of such construction is to transmit tones, such as are uttered by 
musical instruments or the human voice, which tones, by suit- 
able interruptions, may be employed as signals in accordance 
with the patent. 

111 x-Q. Suppose an apparatus like that to be made and 
ready to operate, and suppose a Reis telephone to be made and 
ready to operate, and disregarding anything which has been 
said by anybody in respect to their purpose and objects, but 
considering the two as existing apparatus with a speaker at one 
end and a listener at the other of each. Now, are you prepared 
to answer a question which I may propound to you, founded 
upon this hypothesis without spreading upon the record what 
Mr. Bell has said or has not said, or what Mr. Reis has said or 
has not said about their operation? 

A. I am prepared and will answer such question, provided I 
understand it and provided I can truthfully answer it with sach 
restrictions. 

112 x-Q. Now, will you point out to the Court under the 
hypothesis proposed, what distinction in fact exists between 
those two apparatus wherefore the Reis should be properly 
called a telephone and the bell should not be called so? 

A. I have already said that the word teleplione has acquired 
a restricted signification and is applied to an apparatus designed 
to transmit articulate speech. The instrument shown in Figure 
7 must be designated in accordance with the intent of its inven- 
tor and of bis knowledge of its capacity at the time of the ap- 
plication for the patent; if he had meant it to be a telephone in 
the sense in which Reis meant his instrument to be a telephone, 
it is, I think, fair to presume that he would honestly have so 
characterized it. 

113 x-Q. Do you decline to answer the question propounded 
to you, which is in substance. what physical distinction is 
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should be called a telephone and the Bell should not be called 
so, without dragging into your answer your opinion of the in- 
tellectual opinions of Mr. Bell and your supposition why he did 
not use the word telephone? 

A. In my description already given of the said instruments 
I have, I believe, shown the physical construction of each; their 
physical differences are radical, and if they were presented for 
the first time, notwithstanding that fact and with no existing 
nomenclature to characterize either, I see no reason why 
they might not both be called telephones with equal propriety. 

114 x-Q. I will try again. In 1876 the Reis instrument was 
known in the world and was called a telephone, and its mode of 
operation was described in various books. Now, suppose such 
an instrument to be in existence when Figure 7 was invented, 
and for the first time such an instrument as Figure 7 was set up 
alongside a. Reis instrument, now can you point out to the Court 
any physical fact peculiar to the Bell instrument as compared 
with the Reis in consequence of which it ought not to be called 
and ranked as a telephone in the same sense as that term was ap- 
plied to the Reis? If you can, point out those physical peculiari- 
ties one by one so that the Court can see the physical fact ex- 
isting in the machine itself, which, in your opinion, puts Figure 
7 out of the class of telephones? 

A. Understanding and intending to answer this question in 
the light given to us by Prof. Bell himself at the date of his 
application, I find the physical fact, or facts, as the case may 
be, to be that it could not or was not known to be as a whole 
capable of transmitting and reproducing articulate speech. I 
cannot point out even with the light which I have since ac- 
quired, the precise details which were wanting or improperly 
arranged in consequence of which I have reason to believe 
it utterly failed to do even what the Reis instrument had 
done. 

115 x-Q. Then you mean to swear, do you, that an apparatus 
substantially like Figure 7 operated in the manner described in 
the paragraph quoted from the Bell Patent is not capable of 
transmitting and reproducing articulate speech? 

A. I mean to say, that I find in no paragraph any directions 
which would enable me in the light of that patent, and that 
alone, to employ the apparatus in question, and at the time in 
question, for the transmission of articulate speech. 
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116 x-Q. Won't you answer the simple question of fact with- 
out reference to any supposed omission on the part of Mr. Bell to 
state anything about it, whether or not an apparatus like Figure 
7 is capable of transmitting articulate speech, to the best of 
your knowledge, information and belief? 

A. There are no details of construction given, but only a 
meagre and diagramatic drawing, which is, I believe, wholly in- 
adequate, even with the description given to enable me to ex- 
press an opinion as to whether I should, or should not, succeed 
better or worse than Mr. Bell himself succeeded with his well 
known skill at that time. 

117 x-Q. Then, if I understand your last answer, you mean 
to swear that the specification and drawing do not convey suf- 
ficient information to enable you to have any opinion as to 
whether a machine constructed according to that drawing and 
description would reproduce the human voice when spoken to 
the transmitter, is that what you mean to swear? 

A. Not at all. On the contrary, I have nowhere expressed 
nor do I now express any such view. 

118 x-Q. Did you not intend to say that in your 116th an- 
swer, that the specification and drawing were not sufficient to 
enable you to form an opinion as to whether that apparatus 
there described, if constructed would transmit the human voice 
and produce a similar sound at the receiver to that which was 
uttered at the transmitter? ‘ 

A. I did not, but on the contrary, I freely admit that a vocal 
sound continuously maintained like a musical note, not only 
may be, but probably will be transmitted and reproduced. I 
only intend to say, and still do say, that I have not the slightest 
evidence from the patent itself, nor from any othersource what- 
ever, that at the date of Prof. Bell’s application, apparatus con- 
structed in accordance with the drawing Figure 7, was known 
to be able to transmit or reproduce articulate speech. 

119 x-Q. As a man of science, and understanding as well as 
you can the specification and drawing, is it not perfectly cer- 
tain to you that an apparatus constructed in accordance there- 
with, should be theoretically considered capable of transmitting 
articulate speech? 

A. With my present knowledge and information I do not 
mean to deny that an apparatus is there sketched which with 
suitable additions and adjustments may be employed with more 
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or less success for the purpose set forth in the question. But 
I consider this a new use for an apparatus designed for another 
purpose, just as it is a new use for a Morse key and a sounder 
to employ them for the transmission of articulate speech. 

120 x-Q. You have many times during this examination in- 
terjected your opinion or argument against the Bell patent, 
founded upon the assumption that Mr. Bell did not know that 
the invention described in Figure 7 was in its nature capable of 
transmitting articulate speech, and I here admit on the record 
that you would at any time when called upon so swear. I, 
therefore, ask you in future not toencumber the record by inter- 
jecting that opinion in answer to questions which do not call for 
it, but to confine your answers to the questions themselves. 
And with that request I proceed to ask you the following ques- 
tion: What addition to the apparatus, Figure 7, is necessary to 
be made in your judgment in order to constitute it a — 
telephone? 


Defendant's counsel objects to the preliminary state- 
ment or speech of the counsel with which his question is 
prefaced, as irrelevant and improper, and as encumbering 
the record in an improper way, and so far as the same is 
intended tocoerce the witness into a particular way of 
answering his questions he protests against the same. 
And while instructing the witness to answer all questions 
of the counsel conscientiously to the best of his ability, 
he instructs the witness to answer the questions accord- 
ing to his own judgment and conscience. 


A. Intending always, and still intending to be explicit and 
exact according to the best of my knowledge and belief, I an- 
swer and say that no apparatus whatever is shown in Figure 7, 
but merely a sketch of a plan of an apparatus entirely without 
such details as are usually present in operating and articulating 
telephones, which are commonly in use. Hence it is impossible 
for me to say exactly what additions to the plan there shown 
should be made in order to constitute an instrument which shall 
be an operative articulating telephone. It would occur to me 
by way of criticism tosay that I think a membranous diaphragm 
would be a very poor element in a practical and commercial 
telegraphic instrument. I might possibly make other criticisms 
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intelligently on seeing the plan there sketched carried out in a 
real apparatus. 

121 x C. Don’t you know that Figure 7, with the description 
thereof, exhibits every element by drawings indicating the re- 
spective parts sufficiently to enable a person skilled in the art 
to make them that are necesary for the construction of a speak- 
ing telephone, and if you say no to that question, inform the 
Court what element is wanting in that drawing and description. 
I do not now speak of supports and such like things as are nec- 
essary in practical use to uphold the apparatus in place, but 
only of the essential elements. 

A. I freely admit that with my present knowledge I might 
be able to construct an apparatus on a plan such as is exhibited 
in Figure 7, and that with my present skill I might be able to 
use it temporarily with some success in transmitting and repro- 
ducing articulate speech. I do not admit that such an instru- 
ment, so constructed, is or could be a reliable practical tele- 
phone. 

122 x-Q. I have not asked you what you could do with your 
skill and knowledge, and am at present not interested in know- 
ing. The question to which I demand an answer is this: Does 
not Figure 7 with its accompanying description, show every 
element which is essential to the production of a speaking tele- 
phone, and if you deny that it does, then state what element is 
wanting to produce a speaking telephone which is not described 
and known in the Bell Patent? 

A. Understanding that the question requires me to point out 
the elements lacking in a practical telephone, I answer that I 
find neither in the drawing nor in the text any means provided 
for regulating the tension of its membrane or the position of its 
armature, nor do I find any dimensions given by wnich one 
might be guided who possessed reasonable skill in electric sci- 
ence whereby a practically operative telephone for reproducing 
articulate speech might be constructed, especially in view of the 
fact that no hint is given that the instrument is designed for an 
articulating telephone. 


Adjourned by consent until Tuesday, the Sth day of January 
1884, 11 A. M. 
S. N. W. 
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Met pursuant to adjournment, this 1lth day of January, 
181. : 
Present—Counsel as before. 


Cross-EXaMINATION OF Proresson Crrecs F. Brackett Cox- 
TINUED: 


123 x-Q. Do you find in the Reis publications and drawings 
any means provided for regulating the tension of the mem- 
brane? 

A. I do not. 

124 x-Q. Don’t you think upon the whole that the terms a 
stretched membrane, when applied to describe a membrane 
whose object it is to receive and give out vibrations are sufficient 
to enable a person skilled in the art to construct and maintain 
a stretched. membrane, such as for instance a drum head or a 
tambourine, and such instruments designed to receive and give 
out vibrations? 

A. Unquestionably, provided no limitation be put upon the 
terms vibrations. 

125 x-Q. You mean to say, then, that in your opinion the 
term a stretched membrane, when applied to Figure 7 of the 
Bell Patent, is not sufficiently explicit to indicate that the mem- 
brane must be kept stretched in order to vibrate in the manner 
indicated, or do vou think on the whole that that term in that 
connection means only a loose membrane? 

A. I do not think it means a luose membrane, but on the con- 
trary, a stretched membrane in the same sense that a drum 
head or a tambourine membrane are to be understood as 
stretched membranes, and I mean further to say that so long 
as the purpose is to transmit merely musical notes or sounds of 
a definite pitch, it is a matter of comparative indifference as 
regards appliances for varying the tension, provided only we 
have astretched membrane. It would be untruthful to declare 
and I do not declare that the same statement is admissible when 
it is a question of transmitting articulate speech. 

126 x-Q. Do you mean to say by all that, that given a 
stretched membrane in a telephone it will not transmit articu- 
late speech unless it is supplied with something similar to the 
stretching of tambourines or drum heads, as you un- 
derstand the machine and its operation? 


A 


ee DS — — we 2 8 50 


® 
DEPOSITION OF CYRUS F. BRACKETT. 209 


A. Accidentally and for short periods of time it may well 
happen, and I believe will happen that when the tension of the 
membrane is influenced by its conditionjof dryness or dampness 
and when proper relations exist between such state of tension 
and the adjunct apparatus of coils, magnets, line wire, &c., 
exist, articulate speech may for short periods be transmittéd 
and repreduced- Yet, none of these conditions are so set forth 
that they may be discovered in Bell’s specification, but are the 
result of the experience of many persons and subsequent experi- 
mentation. 


Counsel for complainant objects to all the voluntary 
statements of the witness additional to the direct an- 
swer of the question. 


127 x-Q. Were you acquainted with Prof. Henry of the 
Smithsonian, and Sir William Thomson of England, and 
either personally or by reputation? 

A. It was my pleasure to know Prof. Henry — 
I only know Sir William Thomson through his publica- 
tions. 

128 x-Q. Can you think of any other two men living in 
1876 who in your opinion were more competent to judge of 
the novelty and of the characteristics of the apparatus called 
the Bell Telephone, when called upon to exercise their judg- 
ment in a highly responsible position than those two men, 
and if you do, will you inform the Court whom you think 
were better qualified? 


Defendant’s counsel objects to the question as im- 
material and irrelevant, and as incompetent, upon the 
ground that the opinion of the witness upon the sub- 
ject called for has nothing whatever to do with the 
question of the invention shown and described in — 
Bell Patent. 


A. I have a very high opinion of the ability and attainments 
of the late Prof. Henry, and of Sir William Thomson, and an 
equally high opinion of the late Prof. J. Clerk Maxwell, of the 
two brothers Siemens, of Mathiesen and of others whose names 
might easily be given from a list of which I should be unwiiling 
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to select one or two more competent than any of the others in 
matters pertaining to electrical science or its application. 

129 x-Q. The question I asked you was not to name a list of 
persons whom you thought the equals of Prof. Henry and Sir 
William Thomson in matters relating to electrical science, as 
you well know. The question I asked and to which I call for 
an answer, is whether in your opinion there were any two men 
more competent in 1876 to form and express a judgment on the 
originality and the characteristic method of Bell’s Telephone, 
than those two men, and if soto name your men. I request 
you not to make any argument about the case, but to confine 
your answer to that specific question. 


Same objection as to previous question. 


A. I wish to answer truthfully, and will do so when I under- 
stand exactly the scope of the question. Understanding this 
question to relate to a form of apparatus indefinite and vague, 
and understanding simply that I am to name persons if known 
to me, more cempetent than the gentlemen mentioned, to pass 
upon and to express an opinion concerning such vague appa- 
ratus, I will mention J. W. McDonough, Elisha Gray and Mr. 
Bell’s immediate assistants, and I give a reason for mentioning 
these names, not that their general or specific knowledge could 
for one moment be compared with that of the late Prof. Henry 
or of Sir William Thomson, but that these gentlemen had 
attended to and were acquainted with a specific subject by rea- 
son of practical experience of success and failure therein, and 
hence so far as relates to the subject of this question might not 
unreasonably be preferred. 

130 x-Q. J. W. McDonough has employed you to 5 him 
either individually or through a company representing him, has 
he not? 

A. He has not, nor have I any interest in J. W. McDonough 
so far as relates to this subject whatever, to the best of my 
knowledge and beliof. 

131 x Q. You gave an affidavit in the case of the Bell Tele- 
phone Company vs. The Overland Telephone Company, did you 
not, setting up among other things McDonough as an inventor 
of the telephone prior to Bell? 

A. I gave an affidavit in the case mentioned in the interrog- 
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atory, which had no such intent or purpose as is therein set 
forth, but simply related to experimental facts found in connec- 
tion with apparatus purporting to have been‘ made or invented 
by J. W. McDonough. 

132 x-Q. You have already said that in your opinion J. W. 
McDonough, in the year 1876, was more competent than Professor 
Henry or Sir William Thomson to judge of the novelty and the 
characteristic method of the apparatus then known as the Bell 
telephone, and I presume that you knew when you made that 
answer what J. W. McDonough had done at that time in con- 
sequence of which he possessed those superior qualifications. 
Now, su far as you know, had J. W. McDonough, in 1876, ever 
stated in any of the papers which he had presented to the Pat- 
ent Office, or elsewhere, that speech was to be transmitted by 
continuously varying the strength of the electric current as 
nearly as may be in simple proportion to the velocity of a par- 


ticle of air engaged in constituting the sounds as 
from the method of circuit breaking, whereby the current of 


electricity is to be interrupted at each vibration; and you may 
refer to any paper, copies of which you seem to have in your 


' possession, filed in the Patent Office by J. W. McDonough, in 


or before the year 1876, in which he makes such a statement in . 
form or in substance? 

A. James W. McDonough filed an application for a patent 
for his telologe,” April 10th, 1876. A perusal of the specifi- 
cation conclusively shows that said J. W. McDonough contem- 
plated the transmission of articulate speech. Apparatus sketched 
in the drawings accompanying said specification may be taken 
as evidence that he had studied the question in an intelligent 
and thoroughly competent manner before that date. 

The principle involved in his transmittor is essentially that 
involved in that of Reis. The language employed in said speci- 
fication is substantially that employed by Reis in describing his 
invention. Both employ terms which would lead to the infer- 
ence that they suppose the electric circuit, meaning continuous 
metallic conductor, is abruptly broken and closed during the op- 
eration of their transmitters. They nowhere say in set terms as 
meaning to be taken in an accurate sense that the current is or 
is not broken or interrupted at each vibration. While he no- 
where says, that the current is to be varied as nearly as may 
ebe to them in simple proportion to the velocity of a particle 
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of air engaged in constituting the sound,” yet this principle is 
assumed as underlying his whole method of procedure which is 
simply an improvement on Reis method; in which Reis himself 
expressly says that he has found reason to believe that a corre- 
lation such as the question implies exists between the air vibra- 
tions and the intensity of the currents controlled by his appa- 
ratus. . 

133 x. Q. You say, ‘* Yet this principle is assumed as under- 
lying his whole method; by which I understand you to swear 
that McDonough assumes this principle as his mode of operation. 
Now, point out to the Court the language in his application of 
1876, in consequence of which you swear that he assumed that 
speech was to be transmitted by varying the strength of current 
in accordance with the variations of air waves as distinguished 
from their method of transmitting sound by interrupting the 
current by means of a circuit breaker, so that the Court may be 
enabled to judge from the language of McDonough whether 
your inference is correct. 

A. This interrogatory implies a misunderstanding of the 
language in my last answer. By the expression this prin- 
ciple ” I did not mean the employment of a circuit arranged as 
in the magneto system which cannot be broken, but only the 
employment of a circuit with loose contact or contacts by means 
of which when set in motion the strength of current may be 
made to vary, and so a membrane at a distant point controlled 
by means of the resulting variations in the magnetic moment of 
the receiver magnet or other apparatus. The words “ this prin- 
ciple ” I meant to apply to the character of the current, however 
produced. 

134 x-Q. Is there not a clear distinction between two 
methods, both of which have been proposed for the purpose of 
transmitting sounds, viz., in one of the methods the circuit is 
made and broken at each air vibration, and in the other the cir- 
cuit is maintained continuously and the effect is produced by 
continuously varying the strength of the current passing through 
the circuit? 

A. Such distinctions are sought to be maintained, but in my 
opinion evidence for them is entirely unsatisfactory, and for 
these reasons. The question assumes what has never been 
proved, that in case of an articulating telephone with loose con- 
tact and in which the circuit may be broken, that the current is 
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therefore broken at each air vibration. Experiments show that 
when a battery current is flowing through a loose contact, if 
pressure be applied to the loose pieces the current may be there- 
by strengthened and with moderate pressures the change in the 
intensity of the current is correlative with the change in pres- 
sure. In other words, the greater the pressure the less the re- 
sistence offered at the loose contact. 

This fact is taken advantage of in one class of telephonic 
transmitters, and though the terms contact breaker” or cir- 
cuit breaker” have been employed, these are merely tentative, 
intended to cover a general result, no doubt employed by their 
authors literally. 

On the other hand, in a permanently closed circuit such as is 
employed in the magneto system where the change in current 
is due to an impressed electro-motive force which may cause 
similar changes in the intensity of the current, it is equally true 
that when the armature is still the effective current is reduced 
to zero, or if you please, broken. The only difference in the two 
systems is that they may both be entirely continuous so far as 
conductors are concerned, and the variations of current utilized 
. in transmitting signals or speech are due in one case to change 
of resistance, in the other case to change of electro-motor force. 
The results may be the same in both cases and the character of 
the current may be the same in both cases. 

135 x-Q. As you know, I did not ask you for an argument 
tending to show the similarities between any two systems, nor 
did I ask you anything whatever about an articulating tele- 
phone, and for the purposes of this question I propose to discard 
altogether that idea and to confine the question to the produc- 
tion of sound generally. With this purpose I ask you whether 
you do not know the fact to be that two systems have been pro- 
posed for the transmission of musical sounds. In one of which 
it is proposed to actually make and break the circuit at each 
vibration with the expressed intention that the magnet at the 
receiving station will be alternately magnetized and demagnet- 
ized; and in the other of which the circuit is never intended to 
be broken, but the effect is produced by constantly varying the 
strength of the current without in fact breaking the circuit. I 
beg you to answer this question without repeating what you 
have sworn to so many times, that a circuit-breaking apparatus 
may be so used as to vary the strength of the current without 
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breaking the circuit. The point of the inquiry is to ascertain 
whether or not these two methods as distinguished from each 
other have not been described and proposed by different persons? 

A. Unquestionably they have. 

136 x-Q. Now, will you tell the Court whether J. W. Mc- 
Donough proposed to do whatever you say his application pro- 
poses. by the one method or by the other, if you know which? 
I beg you not again to say that his apparatus with your present 
knowledge can be made to operate by variations in the strength 
of current, but to answer the question by which method he pro- 
posed to make it operate in his written application. And if you 
swear that he proposed to make it operate as a microphone, I 
ask you to point out to the Court the language which conveys 
that idea to your mind? 

A. The distinction in modes of telephonic transmission in- 
volved in the word microphone had not yet arisen. The method 
of continuous circuit or the “‘ magneto method” was not in 
existence at that date, and of course neither the one method or 
the other as distinct from the other could have been used in 
said specification. He used a method of loose contact, the best 
known to him, which there is much good reason to believe is 
one of continuous current when used successfully. The con- 
trary has never been proved. 

137 x-Q. I try again. Did Mr. McDonough propose to make 
and to break the electric circuit as the means for producing the 
effects proposed by him in his application, or did he propose to 
vary the strength of a continuous current of electricity without 
breaking the circuit as the means for producing the effect. I do 
not ask you for any argument deduced from your present 
knowledge of what the machine might be made to do, but I con- 
fine you, if that be possible, to the language used by McDonough 
in describing his mode of operation. If you say that his pro- 
posed method was to vary the strength of a current continuously 
maintained and not to make and break a current by means of 
the vibrations of the diaphragm, then I ask you to point out the 
description in that application which convinces you that his pur- 
pose was to transmit the sound by means of an undulatory cur- 
rent, and not by means of making and breaking the circuit. 

A. I will answer the question in the words of the application 
itself: So constructed as to vibrate in accord with the vibrations 
** of articulate sound, and so arranged relative to the mag- 
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net and circuit breaker that the vibrations of the transmitting 
membrane or apparatus produced by articulate sound are 
transmitted by the electrical current to the receiving mem- 
‘* brane or apparatus (and so as to cause a like vibration in the 
receiving membrane or apparatus and it to reproduce the 
‘‘ articulate sounds transmitted from and by the transmitting 
„ membrane or apparatus).” 

I will add that I have no interest whatever in maintaining 
either that the circuit in the McDonough apparatus is or is not 
broken. 

138 x-Q. The question I wish answered is whether you mean 
to say that in your opinion the McDonough application describes 
circuit breaking as the means of producing the effect or de- 
scribes the maintenance of contact between the poles and a 
variation of pressure upon that point as the means of producing 
the effect? 

A. He unquestionably says circuit breaker. He unquestion- 
ably modifies his use of those terms by the expression so as to 
produce,” &c., as quoted above. I will say further that my 
belief is that he thought that his apparatus operated by break- 
ing of contact in common with those who had and still have 
hastily adopted that mode of expression without knowing, if 
with good reason. 

139 x-Q. I notice that you began your quotation in the mid- 
dle of a sentence. Now I ask you to look at the entire sentenc2 
beginning with the words The object of my invention,” and 
to say whether it is not apparent that the author of that sen- 
tence asserted the proposition that articulate speech could 
be transmitted by a circuit breaker, as you understand the 
English language? 

A. The whole sentence, a long one, part of which only I 
quoted for brevity, merely conveys no different idea or other 
idea from the portion I quoted. And I have already fraakly 
admitted that my belief is that he thought that his apparatus 
operated by breaking of contact in common with those who had 
and still have hastily adopted that mode of expression without 
knowing, if with good reason.” 

140 x Q. Do you mean to say by this answer that the expres- 
sion circuit breaker was not intended to siginify the fact that the 
circuit was broken, but was only a hasty mode of expression to 
siginify the fact that the circuit was not in fact broken? 

A. I do not mean anything of the kind. Breaking of the 
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circuit is one thing, discontinuity of the current is another thing. 
The one may occur, and for aught I know to the contrary, does 
occur without the other. Indeed, that it does sometimes occur 
without the other is certain and was recognized by the early 
experimenters with Reis telephones. For instance, so long as a 
spark appears it is perfectly certain that the current is not 
broken, while it is equally certain that the contimuous conductor 
provided has been interrupted. Moreover, another illustration: 
in the electric arc there is discontinuity of conductor but con- 
tinuity of current. 

141 x-Q. Is it not perfectly certain that a spark always 
appears when the circuit is broken, provided the battery is suf- 
ficiently strong to make a spark at all, and that the presence of 
that spark proves that the circuit is broken, itself being the last 
portion of the electricity that passes? 

A. I do not think that this position is tenable or that it ac- 
cords with the facts that have been brought out by many 
experimenters. 

142 x-Q. Then you mean to swear, do you, that when the 
poles of an electric circuit are separated sufficiently to produce 
a spark that afterwards the current continues to flow, there 
being no further change in the distance of the poles apart? I 
do not speak now of hypothetical infinitesimal current, but 
only of a practical current of electricity such as existed before 
the poles were separated and the spark occurred? 

A. It is entirely possible, and as a matter of fact is shown 
that under certain circumstances such is the case, and not one 
spark merely but a constant succession of sparks capable of 
analysis and recognition as such. 

143 x-Q. You said that the current continued to flow after 
the poles were separated and a spark had passed. I presume you 
did not mean by that to say that a succession of sparks consti- 
tuting an arc was the current you speak of, but that a current 
was passing producing no visible effects after the spark had 
ceased. Now, state to the Court the circumstances under which 
such a phenomenon occurs, to your knowledge? 

A. I did not intend to say and believe I did not say that a 
current passed after the spark had finally disappeared, but that a 
current is passing during the continuance of the spark, and to be 
accurate it must be determined positively that the spark does 
not exist before it could be affirmed that the current does not 
pass, the electrodes being separate. 
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144 x-Q. And is this not exactly true of every circuit breaker 
used for the purpose of rupturing the current of electricity, as 
for instance, an ordinary Morse key for making and breaking 
the current in the telegraph? 

A. Undoubtedly with this difference, that in telegraphic sig- 
naling the separation is purposely carried widely beyond thé 
point at which a current can continue. In a contact breaker 
such as is now in question, there is usually special provision 
made to guard against this occurrence, and while for conven- 
ience called circuit breaker, it is not shown, and many compe- 
tent electricians do not believe, that the current is broken. It is 
of no consequence to me to maintain any opinion about it. 

145 x-Q. Do you mean by all this to tell the Court that 
McDonough, when he used the term circuit breaker,” did not 
intend an apparatus that would actually break the circuit, but 
did intend an apparatus that would not break the electric cir- 
cuit, although the metallic electrodes would separate to that 
indefinitely minute degree which would permit the current to 
flow continuously like an electric arc between them, and that 
he provides an apparatus for the purpose of preventing 


the electrodes separating far enough to break the cur- 


cuit? And if you say yes, then quote the language which 
describes this peculiar kind of circuit breaker and the apparatus 
which is designed to hold the electrodes so close together that 
they will not break the electric circuit. 

A. I do not believe that Mr. McDonough had any verr 
definite theory of his own with respect to the mode of operation 
of his so-called circuit breaker. I find in his specification as 
touching the second portion of this question the following quo- 
tation: D is the circuit breaker which consists of an arch- 
shaped piece of metal loosely secured at its centre, upon the bolt. 
D, and is bent upward at each end, and from the membrane A, 
as shown in figure 3, so as to form depending V-shaped points 
adapted to rest upon the respective plates C C. The circuit 
breaker D is so fitted on the bolt D as to admit of a free and 
easy ascending and descending movement, the limit of. its 
ascending movement being determined by its contact with the 
nut E, on the bolt, and the descending movement being limited 
by its contact with the plates C C.“ 


Adjourned by consent until Saturday, the 12th day of Jan- 
uary, 1884. 
S. N. W. 
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Met pursuant to adjournment this 12th day of January, 


1884. 
Present—Counsel as before. 


146 x-Q. Don’t you think, upon the whole, that the man 
who wrote this statement: The operation of my said ‘Telo- 
loge is as follows: The transmitting membrane A being sens- 
ic itive to the vibrations of articulate sounds produced thereon 
‘* is caused to vibrate in sympathy therewith, thereby impart- 
ing an upward movement to the circuit breaker at each vibra- 
tion and disconnecting it from the plates C C and alternately 
breaking and closing the circuit, when the intermittent cur- 
rent alternately magnetizes and demagnetizes the magnet G 
—had a very definite theory of his own with respect to the 
„ mode of operation of his so-called circuit breaker.” And if you 
still insist that he did not have a definite theory on that subject 
will vou furnish the Court with expressions used in the electric 
art more suitable for describing the actual rupture of the me- 
tallic circuit than the words ‘‘disconnecting it from the plates 
CC“, and more suitable for describing the actual intermission 
and rupture of the electric current than the words “alternately 
breaking and closing the circuit when the intermittent current 
alternately magnetizes and demagnetizes the magnet G! 

A. On the whole I think that the language quoted in the 
question implies a most clear and definite assumption on the 
part of Mr. McDonough, which is merely an assumption want- 
ing in all the elements of a clear and definite theory; an assump- 
tion which I know from my personal knowledge, that he has 
admitted was borrowed from Reis. It is perfectly certain that 
this language implies a belief taken by itself on the part of Mr. 
McDonough, that his teleloge operates by interruptions and 
intermissions in the current, together with renewals thereof; 
just as the language employed by Mr. Bell implies a belief in 
the existence of currents of an undulatory character produced 
by his apparatus in contradistinction to abrupt or intermittent 
currents, and may be equally erroneous or susceptible of proof. 

147 x-Q. Did you understand the question to call upon you 
for any discussion of Mr. Bell’s language or any argumentative 
attack upon his patent? 

A. I understand myself called upon to answer with exact- 
ness and truthfulness, and that when I can only do so by illus- 


* 
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tration, that it is not only competent for me to do so, but that 
it is my duty todoso. I referred to Mr. Bell’s language as an 
illustration as I would to Mr. Varley’s or any: one else. 

148 x-Q. Have you not heard Mr. McDonough also confess in 
substance that he is the first and original inventor of a talking 
telephone? . 

A. I have not. 

149 x-Q. Assuming it to be true that McDonough had not a 
very definite theory of bis own with the respect to the mode of 
operation of his so-called circuit breaker in 1876, are you still of 
an opinion that he was better qualified than Prof. Henry or Sir 
William Thomson to judge of the novelty and the characteristic 
quality of the apparatus called in 1876, at the Centennial Exhi- 
bition, a Bell Telephone? 

Objected to as immaterial, irrelevant and incompetent. 

A. In my previous answer, to which this question alludes, I 
have most carefully said that I give a reason for mentioning Mc- 
Donough, Elisha Gray and Mr. Bell’s immediate assistants, 
not that their general or their specific knowledge could for 
one moment be compared with that of the late Prof. Henry or 


8 of Sir William Thomson, but that these gentlemen had at- 


„ tended to and were acquainted with a specific subject by 
reason of practical experience of success and failure therein, 
and hence so far as relates to the subject of this question 
might not unreasonably be preferred.” And I will now add 
that so far as relates to this subject it is nowhere disputed that 
Prof. Bell with, by his own confession, a meagre knowledge of 
electrical science was able to surprise and astonish both Sir Wil- 
liam Thomson and Prof. Henry. If it were a question of pref- 
erence as relates to these three gentlemen, Prof. Henry, Sir 
William Thomson and Prof. Bell, which of them would be bet- 
ter qualified to determine and express a judgment with refer- 
ence to the novelty of a so-called telephonic apparatus in 1876, 
I would not hesitate for a moment to prefer Prof. Bell, just as I 
would not hesitate to say that J. W. McDonough, Elisha Gray 
or Mr. Bell’s immediate assistants might not unreasonably be 
preferred, or just as I would not hesitate to take the opinion of 
a practical cobbler on the question of a worn shoe, even though 
scientific men of high attainment in great numbers might be 
accessible, but yet who were wanting in the practical experience 
called for. 
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150 x-Q. Then you think, do you, that upon the question of 
the novelty of a speaking telephone and the peculiar mode of 
operation which characterized it, such men as Prof. Henry and 
Sir William Thomson, one of whom is the inventor of the elec- 

tro-magnet used in the apparatus, and both of whom have de- 
voted their lives to investigations and researches in electricity, 
are probably not as well informed as to what has been done in 
the world as to the development of the art of telegraphy or tele- 
phony as Mr. James W. McDonough? 


Defendant’s counsel objects to the question upon the 
grounds last above stated, and he also objects with all due 
courtesy to the learned counsel to his summing up of this 
case in his interrogatories to the witness. 


A. The question being one of very great latitude and argu- 
mentative in kind, I can only answer it by taking like liberties. 
That Sir William Thomson, even after what he saw and heard 
at Philadelphia in 1876, was no very competent authority in the 
subject of telephony, however great his reputation as an elec- 
trician, and I know of none greater, is evinced by his subsequent 
total failures which he himself freely confesses, and that, too, un- 
der the sanction of an oath, to successfully operate a telephone 
which was given him on his departure from America by Pro- 
fessor Bell. As regards Prof. Henry, though it is true that elec- 
trical science is indebted to him for original discovery, and I 
will be among the foremost to express my gratitude for it and 
appreciation of it, yet there is no evidence that he had ever 
himself given practical attention to or attempted to solve the 
problem involved in the question as to how an articulating tele- 
phone accomplishesits function; nor is there any evidence that he 
was familiar with the efforts which notoriously now had been in 
progress prior to and during 1876 toconstruct a practical t · lephone. 
The question assumes that because these two gentlemen wer eemi- 
nent, which is not disputed, in the principles and theory of elec- 
tricity, that therefore they should be most competent to decide 
a special matter to which there is no evidence that they had at- 
tended with any special care. 

151 x-Q. I infer that it is your opinion that Prof. Henry hav- 
ing a Reis machine in Smithsonian Institution, had paid no at- 
tention to it and did not understand its operation and effects, 


DEPOSITION OF CYRUS F. BRACKETT. 231 


because you see no evidence on the record that he did. Now, do 
you wish the Court to understand it to be your opinion that 
when Prof. Henry had pronounced his judgment on Bell’s ap- 
paratus he was ignorant of the Reis machine, and what had 
been claimed for it by its inventor and what had been pas 
about it? 


Same objection as before made by defendant’s counsel. 


A. On the contrary, I think the Court will most distinctly 
understand that the inference at the beginning of this interrog- 
atory 1s entirely unwarranted from anything I have said. I am 
sure that if Prof. Henry were living to day he would be among 
the last to maintain, without more light than is now existing, 
any theory of the manner in which the Reis telephone acts 
when employed for transmitting articulate speech. 

152 x-Q. I beg you to confine your answers to your own 
knowledge on the subject and not to swear about what Prof. 
Henry, if he were alive, would or would not know. 

The question that I want answered is whether in 1876, in 
Four opinion, Prof. Henry was ignorant of the Reis apparatus 
or the publications relating to it. 


Same objection as before, and the further objection that 
the knowledge of Prof. Henry,so far as the subjects here in- 
volved are concerned, is perfectly immaterial and irrele- 
vant. And this whole subject is lugged in by the counsel 
as a sort of make-weight to uphold the theory that Mr. 
Bell was the first and only man to transmit articulate 
speech at the time the investigations of Prof. Henry were 
made in 1876 and 1877. 


A. He was no doubt familiar with the apparatus and proba- 
bly with the writings relating thereto. How extensive his 
knowledge of the literature was I have no means of knowing. I 
have said familiar with the apparatus. its mode of operation 
is, in my belief, still undetermined. 

153 x-Q. You said that Mr. Bell astonished both Prof. Henry 
and Sir William Thomson at the Centennial. Didn’t his tele- 
phone, in addition to astonishing those two gentlemen, astonish 
the scientific world generally, yourself included? 
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A. Undoubtedly, and for that reason I protest against mak- 
ing a scientific man a judge of a novelty merely because of his 
scientific attainments, unless he has as a matter of fact had oppor- 
tunity for experience and practical acquaintance therewith in 
such a way as to make such judgment determinative of the 
questions involved as regards modes of operation. 

154 x-Q. Now, isn’t it true that tne knowledge of the Reis 
apparatus was peculiarly communicated to the scientific world. 
The things being made and sold to be used by scientific peo- 
ple in laboratories and lecture rooms and being exhibited to 
scientific societies both in England and on the Continent? 

A. It is perfectly true that the mighty little knowledge in ex- 
istence concerning that apparatus, and particularly with refer- 
ence to its mode of operation, was so communicated; it is also 
true that even to-day very little is known of its exact mode of 
action when in successful operation. 

155 x-Q. In your affidavit in the Overland Case, when de- 
scribing what you did at Washington with the Reis apparatus 
of the Smithsonian Institutition, and after testifying that you 
used the transmitter of that apparatus in connection with the 
McDonough receiver for the purpose of communicating articu- 
late speech, you say: ‘‘ We did not test the Reis receiver, ic hav- 
ing no particular bearing in this cause.” Now, will you ex- 
plain to the Court what you meant by saying it having no par- 
ticular bearing in this cause to ascertain whether the Reis ap- 
paratus as a whole could be made to talk, and why you confined 
yourself to the combination of a Reis transmitter and a modern 
receiver when you tried your experiment for producing articu- 
late speech? 

A. I acted in strict accordance with the desires of those at 
whose request I visited Washington for the purpose of mak- 
ing the experiment cited in the question. I was not asked to 
experiment with the Reis apparatus as a whole, but only with 
the Reis transmitter and the McDonough receiver. 

156 x-Q. Yet you swore that we did not test the Reis re- 
** ceiver, it having no particular bearing in this cause.” Now, 
will you explain to the Court why it had no particular bearing 
in this cause, in consequence of which you did not test it? 

A. This is merely my expression for what may perhaps be more 
properly put up in the following words, that I was not desired 
to do so, and had no particular interest in so doing, so far as my 
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employers were concerned. I disclaim any intention of attempt- 
ing to decide a legal point either in this or any former affidavit 
which I may have given. 

157 x-Q. Wasn’t the question whether that apparatus should 
be tried or not spoken of by anybody at that time: 

A. It was by me. I made inquiry explicitly: Shall I test 
the receiver,” to which in substance the answer was, no, we 
don’t care about that; according to the best of my recollection 
these are the precise words of the answer. 

158 x-Q. Was nothing more said on that subject by any 
body? 

A. Idonot remember that anything was said in substance other 
than can't you go to Washington, make this experiment 
within a certain limited time, very short. Such informal con- 
versation no doubt occurred, the whole within a very few mo- 
ments as served to make it perfectly certain that I was to make 
the experiment with the combination set forth in my affidavit, 
and no consequence was attached to my making a trial with the 
Reis receiver. 

159 x-Q. In another affidavit in that case, when speaking of 


the experiments in the laboratory at Princeton, tried with the 


McDonough apparatus referred to by you in this deposition, you 
say in respect tu that apparatus, ‘‘ We found the apparatus dif- 
** ficult to adjust, but when adjusted we clearly and uomistaka- 
„ bly transmitted spoken words and complete sentences. Now, 
explain what you mean by adjusting that apparatus and exactly 
what parts you adjusted and what relations ycu were endeav- 
oring to establish by your adjustments between any of the parts 
of the apparatus? 

A. We found the piece of metal which McDonough describes 
as the circuit breaker to have been bent and injured so that it 
did not lie upon the V-shaped extremities in such contact with 
the pieces of metal on the membrane as was evidently designed. 
These pieces of metal appeared not to lie in the same plane, and 
therefore, even though we so bent the so called circuit breaker, 
or ground off its edges to what appeared to be a suitable condi- 
tion; we found it was by no means easy to secure apparent con- 
tact along the entire surfaces of the said circuit breaker and me- 
tallic piece, and to this circumstance we attributed in some de- 
gree the difficulty we experienved. We did at last, and after 
not many trials succeeded completely with the apparatus. Sev- 
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eral such loose contact pieces were put in your hands, differing 
in shape and weight and circumstances of finish. The adjust- 
ment consisted in part in selection from these by trial as well as 
in the particulars already set forth. 

160 x-Q. Was this circuit breaker with which you trans- 
mitted speech similar in form to the circuit breaker I), shown in 
the drawings of McDonough application and described in the 
words quoted? 

A. Substantially of the same form as shown in Di of Figure 
1 of the drawing. 

161 x-Q. Did you have to grind the surfaces of contact in order 
to obtain the result? 

A. As a matter of fact, we did so before the best results were 
secured. I am not sure that grinding was an absolute necessity 
in order to some fair success. 

162 x-Q. Where did you set the nut E on the stem D? 

A. In some of the trials it was very near the so-called circuit 
breaker, at other times we disregarded its position entirely, and 
at still others the nut when taken off for changing in any way 
the circuit breaker was not replaced at all. 

163 x-Q. When you got the best results you have spoken of, 
where was the nut in respect to the circuit breaker? 

A. My recollection is that it was lying on the table where it 
would naturally be placed on its removal from the bolt, the ap- 
paratus then being used with its membrane in a horizontal 
position. 

164 x-Q. Didn’t you vary the position of the nut with respect 
to the circuit breaker while you were operating the machine as 
a means of adjusting the apparatus? 

A. In some trials we did and in others we did not, but dis- 
pensing with it entirely, as was more convenient, we used a box 
of weights, selecting from which we made choice of such as 
seemed most likely to subserve our purpose. Most of the trials, 
perhaps, were made by selecting such particular circuit 
breaker” as our experience led us to think best suited to secure 
the proper result. 

165 x-Q. What were these weights composed of and what 
was their form? 

A. They were the weights usually known as belonging to the 
metric system, composed of brass and of some similar alloy, 
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cylindrical in form, with suitable attachments for handling with 
the forceps. They were not often used. 

166 x-Q. And where did you place those weights? 

A. When used at all they rested upon what may be called 
the top or the arch of the contact piece or circuit breaker.” 

167 x-Q. Then, when you did not use the nut you used the 
weights, if I understand you: Is that correct? 

A. As I have already said in substance, we rarely used the 
weights, but more generally the circuit breaker alone, without 
any addition whatever. 

168 x-Q. What was the object of using the weights when you 
did use them? 

A. We used them merely tentatively to discover, if possible, 
what the weight of the circuit breaker should be which would 
be best adapted to the success of the instrument. They were 
simply adjuncts in the adjustment we were seeking to make. 

169 x-Q. Then, if I understand you, the success of the experi- 
ment depended upon the weight of the circuit breaker, and you 
experimented to ascertain that weight, is that correct? 

A. The understanding of what we supposed might be found 
necessary implied in the question is correct. As we progressed 
in our acquaintance with the apparatus this element appeared to 
us of less and less consequence until finally the most perfect suc- 
cess was reached by taking at random one of the circuit 
breakers, quickly putting it in place and proceeding to talk. 

170 x-Q. Then, if I understand you, the final result was that 
the instrument would transmit articulate speech with any of the 
circuit breakers you had selected at random, and no adjustment 
was necessary to be used in applying any of them. Is that cor- 
rect? 

A. The inference is unwarranted, especially when attention 
is called to the fact already set forth, that we had previously en- 
deavored to bring the surfaces of the metals in opposition hy 
bending, grinding and otherwise, and this being once done there 
would certainly be more chance of success when subsequent ran- 
dom choice was made. 

171 x-Q. Then, if I understand you, after you had once got 
your numerous circuit breakers ground and fitted, you could 
take up any of them at random, apply it to the machine without 
any other adjustment by nut or weights, and the machine would 
transmit articulate speech. Is that what you mean to say? 
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A. I see no reason to doubt that such is the capability of the 
apparatus, though, of course, no one who. cared for his reputa- 
tion would affirm from a single trial of this kind that such a re- 
suli would universally follow, unless he were surer than I am 
that we had or could secure precisely identical conditions. 

172 x-Q. I did not intend to ask you about what you thought 
the thing would do anywhere else but in your laboratory. What 
I intended to ask was a pure question of fact, which is whether 
after you had got your circuit breakers ground and fitted you 
did ascertain experimentally that any one of them indiscrimin- 
ately applied to the machine without any further adjustment by 
the nut or weights, would cause the machine to transmit articu- 
late speech? , 

A. I answered the question with a full understanding that it 
was limited in its scope to my laboratory; but I did not intend 
to say, and do not now, that I know as a matter of fact that I 
could select at random any one circuit breaker and at once suc- 
ceed as well as I have succeeded at all, for I have already said 
that the metal pieces on the diaphragm appeared not to lie in the 
same plane, and I now say that I think it would be very difficult 
to place and replace even the same circuit breaker twice alike 
upon an instrument so imperfectly made as those with which we 
experimented; I should, however, confidently expect to succeed 
perfectly in transmitting articulate speech with any one of the 
contact breakers which were used without any other aid or ac- 
cessory whatever. It might require some trial to ascertain the 
best position on the uneven surfaces of the metal pieces attached 
to the diaphragm. 

173 x-Q. Wasn’t it the object which you had in view in mak- 
ing the adjustment and in controlling your voice when speaking 
to the machine to prevent the circuit breaker from being discon- 
nected from the plates C C, and from alternately making and 
breaking the circuit and thus producing an intermittent current 
alternately magnetizing and demagnetizing the magnet 6? 

A. It was not; on the contrary, it was my object (and I 
believe it was also that of my colleague, Prof. Young) to 
ascertain the truth of the alleged fact that the said McDonough 
apparatus was capable of transmitting articulate speech. I 
cared not, nor do I now care what the fact may turn out to be 
when ascertained, as to whether said apparatus operates by the 
so-called make and break method, or whether a current con- 
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tinuously flows through the points of contact between the so- 
called circuit breaker and the metals upon which it rests. We 
simply operated in accordance with the best light we could get 
from our own successes and failures, without any regard what- 
ever to the question of whether the circuit was or was net 
broken at the points of contact in question. 

174 x-Q. Wasn’t the best light that you had with your 
present knowledge of the subject, that when the machine was 
so adjusted and so spoken to, that the electric current was not 
intermitted by making and breaking of the circuit, speech could 
be transmitted; but that when it was adjusted and operated so 
that at each vibration the circuit breaker was disconnected from 
from the plates C C, and the electric circuit was alternately 
broken and closed it would not transmit speech? 

A. The question implies a condition, the truth of which I 
know of no means, at present, of ascertaining. It is in my 
Opinion an open question whether or not, when apparatus of 
this type and especially the one in question is operative to 
transmit articulate speech, the circuit is broken. I can give 
verv good reasons for either view, and I believe that articulate 
speech can be and perhaps in our experiments was transmitted 
sometimes by the one method and sometimes by the other. I 
do not admit that any authority at present exists competent to 
settle that question without further inquiry. It is certainly 
entirely conceivable that results which are indistinguishable 
from each other may be produced at the distant or receiving 
station by these two so-called methods. 

175 x-Q. Do you mean to say that in your opinion speech 
cau be transmitted by an apparatus in which the circuit is 
absolutely broken and closed at each air vibration? 

A. I know of no reason to doubt it; on the contrary, I can 
give good reasons why it may be, though I do not assert 
one thing or the other of the apparatus in question. 

176 x-Q. Among the reasons, do you knuw of any such fact 
existing in the world that an apparatus which you know makes 
and breaks the circuit at each vibration of the air will transmit 
speech when combined with a battery, a magnet and a dia- 
phragm commonly called a receiver in any of the forms in 
which these receivers are now used and without some other 
invention which is not now in use? 

A. Like a previous interrogatory, this demands a concession 
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of a fact which I declare still in dispute with reference to the 
intermittency or interruption of a current in a telephonic circuit 
when employed in transmission of articulate speech. I do not 
know that any one has set himself the task of constructing an 
apparatus that shall certainly make and break, with the design so 
to do, for the purpose of transmitting articulate speech. 

177 x-Q. Assume it to be true that the circuit is broken and 
-closed at each vibration, is it your opinion that such an appara- 
tus as that combined with the best receiver now in use and 
without any other apparatus, except the battery and wires, 
can transmit articulate speech practically? 

A. I have no question whatever that it is entirely possible 
on the hypothesis in the question to so transmit articulate 
speech, and I will give my reasons in part: When a circuit is 
closed, as that term is commonly used, it by no means follows 
and is not true that the current suddenly reaches its maximum, 
and it is not true that when the circuit is interrupted, as 
assumed in the question, that the current suddenly and immedia- 
tely ceases along the whole line. Several conditions will 
determine its establishment and cessation, among which may be 
mentioned the length and resistance of theline, its static 
induction, its mutual induction arising from the necessary 
introduction of magnet in the circuit, &c. It, therefore, fol- 
lows that if the making and breaking, assumed in the question, 
are properly timed relatively to each other that the effect at a 
distant point at which a telephonic receiver may be placed will 
be such that it will be thrown into vibration under the impulses 
of the electric pulses or undulations which reach it and which 
may be made to be of the proper form to reproduce the words 
spoken in the said assumed interrupting transmitter. 


Adjourned until Tuesday, January 15th, 1884, at 11 o’clock 
A. M., by consent. 
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New YORK, March 15th, 1884. 


Met pursuant to agreement. 
Present—Counsel as before. 


Cross-EXAMINATION OF Pror. BRACKETT BY E. N. DICKERSON, 
EsQ., CONTINUED: 


178 x-Q. So far as you know, has any machine been con- 
structed in which the circuit and current are actually broken by 
the vibrations of the transmitting diaphragm and in which the 
transmission of articulate speech is not impaired by such break- 
ing of the current? 

A. I am unable to say positively that I have proof that any 
instrument has been constructed in which if breaks occur at 
irregular intervals, and which breaks are controlled by the 
automatic motion of the instrument itself, that would not 
impair the transmission of articulate speech to the extent in 
which such irregularities occur. 

179 x-Q. Do you know of any machine in which the current 
is actually broken either regularly or irregularly, in which such 
breaking of the current does not impair the transmission of 
speech as compared with a machine which does not break the 
current, and if you say you do know such a machine, name it 
in order that it may be seen and tested? 

A. It is still an open question, whether that class of instru- 
ments known popularly as circuit breakers, of which Reis, 
McDonough, Hughes’ microphone, Blake transmitter, &c., are 
examples, operate by making and breaking the circuit, so as 
actually for minute intervals of time to thereby reduce the 
current to a minimum, or whether they act through continuous 
contact but varying pressure to alter the resistance in the line 
in substantial accordance with the vibrations constituting 
sound as employed in articulate speech. 

If I were certain, or could determine a point assumed in the 
interrogatory, namely, the actual breaking, my answer would 
be unquestionably that to the extent in which irregularities 
occur, serious impairment in the transmission of articulate 
speech will also occur. 

The difficulty in rendering a simple and direct answer arises 
from the fact that we are yet in ignorance as to the precise 
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mode in which the successful operation of those instruments 
occur. 

180 x-Q. Who do you include in the word we” when you 
sav that we are yet in ignorance as to whether an instrument 
like the Blake transmitter, when properly adjusted and worked, 
does or does not actually break the current of electricity flow- 
ing through the joint, either regularly or irregularly, ‘without 
impairing speech, and give your authorities for that statement? 

A. I include in the term we” the general concensus of sci- 
entific men in this and other countries, and, as evidence of the 
state of ignorance on that matter, I call attention to the fact 
that a large number of ingenious experiments have been con- 
trived and executed with a view to determine that point, but 
with; so far as I know, no satisfactory and undisputed re- 
sults. 

The theoretical discussions that have from time to time ap- 
peared have taken thé widest ranges, and have been carried on 
in apparent candor by gentlemen who cannot be supposed to 
have any other than purely scientific interest in their decision. 
For instance, in the text book on general physics recently ap- 
pearing in German by Mousson, we have a short summary of 
the views that have been presented with the question still 
left in abeyance. I do not cite the controversies which have 
taken place evidently in the interest of inventors and compa- 
nies, either in our own country or abroad. I do, however, say 
that very much of reasonable support for either view can be 
adduced from undisputed principles of electrical science as well 
as from principles of acoustical science. 

181 x-Q. Couldn’t you name some scientific man who has 
stated in print, and give us a reference to the statement, that 
such an instrument as the Blake transmitter does actually break 
the current of electricity, so that it ceases to flow for a time, 
however minute, without impairing speech by such break, if 
there is any such statement to be found in the literature of the 
subject? 

A. If by literature of the subject is meant such well-consid- 
ered literature that should find its way into our libraries as an 
accepted body of doctrine, it would be very difficult and I do 
not recollect any person who would be willing to stake his repu- 
tation on such an opinion. Plenty of statements in print, 
which are in the nature of a discussion of a very interesting 


DEPOSITION OF CYRUS F. BRACKETT. 231 


scientific principle, may be found, which_I do not consider to 
come under the proper head of literature of the subject, or if 
there be isolated cases of defense of that position, I do not think 
the evidence in their favor sufficiently strong to be decisive.of 
the : 


question. 3 
182 Q. Couldn’t you name some scientific man who has said 


in print, whether in what you call the literature of the subject, 


or otherwise, that such an instrument as the Blake transmitter 
does not impair speech when the current of electricity flowing 
through the joint is actually broken and ceases to flow. I will 
except William C. Hicks, a professional expert, whom I admit 
will swear to that at any time. 3 

A. If I remembered any such man, I would not hesitate to 
name him, though, as will appear in my answer to a former in- 
terrogatory, such a statement would make me extremely wary 
and cautious in including him in the list of genuine scientific 
men, for I have more than once declared that I do not believe 
that the mode of operation of the Blake transmitter is decided 
beyond legitimate controversy. 

183 x-Q. Will you imagine two -rectangular blocks of hard 


carbon about two and one-half inches square, and about three- 


fourths of an inch thick, weighing about three-fourths of a 
pound, and laid one exactly on top of the other, with a current 
passing through the surface of contact from one to the other, 
and forming the circuit of a telephone with receiver in circuit? . 

These blocks being thus placed on a level table, the spea er. 
standing with his mouth directly above the upper block and 
speaking down upon it in an ordinary tone of voice, is it your 
opinion that in such a case as that, that upper block under the 
influence of the voice jumps clear from the lower one and actu- 
ally breaks the electric current so it ceases to flow either regu- 
larly or irregularly? Or is it your opinion that it is doubtful 
whether it does break the electric current or not? 

A. The arrangement supposed, in my opinion does not differ 
in principle from the Blake transmitter. The only difference 
pointed out in the interrogatory consists in the large extent of 
the surface and the unusual weight of the carbon electrodes. 

That the surfaces are not in contact, in the sense in which 
the particles of a continuous block of carbon are in contact, is 
evident from the fact that they fail to cohere and form one solid 
block. How far apart the particles of their limiting surfaces 
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may mutually be, we do not know. We do not know how the 
electric current passes from one to the other, and I have already 
said that I do not know of any experiment which could entirely 
satisfy me as to the question of interruption of current inquired 
of. I believe that the laws of contact, as brought out in con- 
nection with experiments in friction, will show that in the ar- 
rangement imagined there need not necessarily be more particles 
in contact than are in contact in ordinary arrangements, where 
springs or specially regulating devices are employed in ordinary 
microphone transmitters. 

184 x-Q. Couldn’t you bring your mind to answer the ques- 
tion whether you in fact believe that in such an arrangement 
the upper electrode, weighing three-fourths of a pound, does 
when spoken to as described, separate itself from the lower one 
far enough to produce an actual cessation of the flow of the cur- 
rent between the two electrodes. I don't ask you now for any 
discussion of molecular physics or of the question whether two 
separate bodies ever do touch each other or even can without 
becoming united, and I ask you not to discuss those questions 
in your answer. 

A. I believe that separation to some extent occurs, it does 
not seem to me probable that there could be under the circum 
stances supposed total cessation of the current even for minute 
intervals of time, though I think it would be extremely difficult 
to prove that it did not by experiment. It is merely an opinion 
that I give. 

185 x-Q. Do you think such an apparatus as that operates 
upon a substantially different principle from the Blake trans- 
mitter, and that there are two modes of operation in these car- 
bon electrodes, one of which is represented by the blocks and 
the other by the ordinary commercial instrument? 

A. I have already stated that I do not consider the principles 
involved in the two cases to be different so far as the question of 
contact and the transmission of current are concerned, but only 
in arrangement. The arrangement in the two cases may how- 
ever, be so different that, as I have already insisted in answer 
to a previous interrogatory, the variation of the current may be 
due sometimes to change of pressure without rupture of contact 
throughout the entire extent, or it may be due to actual 
of contact which occuring at proper times, I believe, might be 
employed and possibly is employed without detriment to the 
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articulation at the receiving station. Ih short I believe it en- 
tirely probable that both methods may be and are successfully 
employed. 

186 x-Q. Is it not true, also, within your experience that 
whenever in using these transmitters the current is actually 
interrupted to your knowledge, speech is impaired by. that inter- 
ruption? 

A. Certainly, if the interruptions go far enough to be 
evident to the sense of sight, I believe serious impairment al- 
ways occurs. 

187 x-Q. Does it not always occur when you know there has 
been interruption of the electric current whether that knowledge 
has been derived through the sense of sight or by more refined . 
means? 

A. Iam unable to answer that question satisfactorily inas- 
much as I do not know what other means could be employed to 
determine the fact of rupture. I know of and have witnessed 
experiments in which purely artificial means have been em- 
ployed for producing articulate speech and transmitting it tele- 
phonically in which experiments separate impulses have their 
origin in interruptions of the circuit, these being properly related 
to each other in time and purposely produced. If now an ap- 
paratus whose vibrating part so respond to the human voice as 
to sufficiently copy the movements of the air and at the same 
time rupture the current at every vibration, I believe, articulate 
speech will be produced at a telephonic receiver placed in 
circuit which shall satisfactorily repreeent the original spoken 
word. 

188 x-Q. Have you not been engaged for some time in try- 
ing to, invent a telephone apparatus in which the circuit shall 
be physically broken by some mechanism during the transmis- 
sion of speech? 

A. I have been experimenting and still am as leisure affords 
with the view to contribute something to our knowledge of the 
scientific questions involved. I am not specially seeking to pro- 
duce any apparatus which shall operate in the way designated 
n this interrogatory save only to produce temporary arrange- 
mente which shal] throw light on the question now under dis- 
cussion among scientific men. It may be and I have as much 
reason to think will be decided in one way as the other, in my 
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own mind as to the mode of operation best adapted to telephonic 
transmission. 

189 x-Q. And has it not been the result of your experiments 
thus far that if the circuit is to be broken during the transmis- 
sion of speech it must be broken a great many times a second 
and during exceedingly minute spaces of time? 

A. Unquestionably the intervals of time must be very short 
so as to adequately to represent the impulses of air concerned in 
articulate speech. These we know in general to be very many 
in a second, yet I do not consider that all such impulses must be 
necessarily reproduced at the receiving station. In fact I am 
sure that a much less number are perfectly competent to render 
intelligible words so transmitted. 

190 x-Q. Do you mean to say that you have found experiment- 
ally that you can break the electric current either the same 
number of times a second that the air vibrates in speech, say 
200 times, for an average or a less number than that and 
not thereby impair the transmission of speech, and if so, de- 
scribe the apparatus by which you prove that in order that it 
may be tested. 

A. I do not intend in any statement to limit myself to any 
special number of vibrations such as 200 a second. In articulate 
speech there are many sounds made which employ thousands of 
vibrations a second, such as the sibilant elements and these are 
immediately followed, it may be by rates of vibration such as 
the question supposes, say about 200. Now, it is notorious that 
in many telephones which are in satisfactory use some of these 
elements of speech, or rates of vibration are entirely suppressed, 
so that the character of the articulation is very much altered 
from that which was delivered to the receiver. Moreover inter- 
vening between these different rates of vibration producing ar- 
ticulate speech are periods of silence, which are quite as essen- 
tial as the period during which the sounds are produced. A 
perfect telephonic apparatus would reproduce all rates of vi- 
brations, fundamental and accompanying overtones, and also 
be capable of passing to periods of silence during which the 
current will be either uniform or zero so far as the receiving 
magnet is concerned. I know of no such perfect telephone in 
existence. 

191 x-Q. Now, after that digression wont you answer the 
question which is this, have you found experimentally that 
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you can break the electric current through which articulate 
speuch is being transmitted as slowly as 200 times a second 
without impairing the speech, if so, describe the apparatus by 
which you do that, that the experiment may be repeated? - 

A. I have not experimented on that point, therefore can de- 
scribe no such apparatus. 

192 x-Q. Have you got any apparatus by which you can 
break the electric current so slowly as ten thousand times a 
second without impairing the speech which is being ti ansmitted, 
if so, describe that apparatus that the experiment may be 


A. I have already said that I have not experimented on that 
point. 

193 x-Q. Have you tried no experiment in which speech was 
being transmitted and 6— ⸗(ꝝ1é yd — 
during the transmission! 

A. By myself, I have not. 

194 x-Q. Well, as it generally takes more than one person to 
work a telephone, I assume that by yourself you have not per- 
formed any of these experiments. Won't you be good enough 
to say whether experiments have not been tried in your neigh- 
borhood and with your knowledge in which the electric current 
was broken during the transmission of speech by some mechan- 
ical means. 

A. I meant to say what my language obviously implied, that 
I have not engaged in that experimentation—I now say that by 
the courtesy of others who have been engaged in such experi- 
ments and whom I am not at liberty to name, their experiments 
being incomplete, I have had evidence that the current may be 
broken by mechanical means so as not to noticeably impair ar- 
ticulation in the receiver. 

195 x-Q. And now will you tell us whether the number of 
times a second in which that current might be so broken was 
the object of any attention in the experiments? 

A. It was not the primary object of the experiments to de- 
termine that, although it was attended to. 

196 x-Q. And could you tell us about how many times a sec- 
ond that rupture had to be made in a line over which a battery 
current was flowing, in order that speech might be practically 
transmitted? 

A. To determine that point not being the object of the ex- 


— ä — — — 


r r 
+> oe = 


936 EVIDENCE FOR DEFENDANTS. 


periments, any answer that I might give of this question would 
be of inference merely, and this would be wholly unsatisfactory 
to myself and I believe untrustworthy. To save time I may say 
that the points to be determined were under how many seperate 
impulses the membrane of the receiving telephone would remain 
silent, as well as to determine whether by suitably timed inter- 
vals mechanically produced in the current said membrane 

be caused to speak. , 

197 x-Q. Don’t vou know or believe that if the battery cur- 
rent is interrupted as slowly as 20,000 times a second,such inter- 
ruption will drown out speech in a telephone operated by a car- 
bon transmitter and the ordinary receiver? 

A. If the interruptions occur at uniform intervals purposely 
so produced, I believe that the effect upon articulate speech will 
be to seriously impair it. The extent of this impairment will 
doubtless depend upon the pitch of the voice which is speaking, 
for instance in a child’s voice or in a woman’s in which 
the vibrations are more numerous than in the ordinary male 
voice, the effect will evidently be far less serious since the time 
occupied by these interruptions will bear a smaller ratio to the 
whole number af vibrations employed in speech, than it would 
be in the case of a male voice. Moreover, if as may well be 
mechanical interruptions occur not in uniform time, but 
are produced by articulation itself and so as to coincide with its 
maximum impulses, such serious impairment may not occur 
and I believe will not occur, and Iam justified in this opinion 
by reasons drawn from the considerations of the mechanics of 
acoustics as well as from the experimental facts that I have al- 
ready cited, as coming within my knowledge. In short, the 
whole question of impairment turns on several considerations; 
among which may be mentioned the natural pitch of the voice 


of the person speaking, the relation in point of time at which 


the interruptions occur, length and condition of the line wire 
over which the message is transmitted, qualities of the trans- 
mitting and receiving diaphragms, and other circumstances 
which have been before mentioned. 

198 x-Q. Will you produce at a time and place to be agreed 
upon between counsel, the Reis apparatus and the McDonough 
apparatus about which you have testified, and talk through 
them to a listener whom you may select in the presence of ex- 
perts for the complainants, in order that the talking quality of 
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9 
those machines may be practically tested in the presence of 
witnesses as the Reis machine was tested in the Dolbear case: 
A. So far as lies in my power I will do anything that coun- 
sel for defense requests me to do. 


Counsel for complainant requests counsel for deféndant 
to have these machines produced and to have them talk - 
ed through either by the witness or by other persons 
whom he may select for that purpose, in the presence of 
experts for the complainant, as was done in the Dolbear 
case, so that it may be ascertained whether the Reis and 
McDonough instruments are practical telephones or not, 
and upon what principle of operation they act in prac- 
tice. 


Counsel for defendant states that he is not prepared at- 
present to say how far he will accede to the request of 
the learned counsel. If he does, he will arrange the time 
and place of experiment with the counsel before he 
closes his case. He expects, however, to put in evidence 
a McDonough transmitter and receiver illustrative of the 
McDonough telephonic apparatus, and also one or more 
forms of the Reis apparatus for illustration, and he also 
expects, if requested by the Court, to exhibit said appar- 
atus and operate the same in the presence of the Court, 
if the Court shall so request or desire. 


Adjourned for lunch. 


RE-DIRECT EXAMINATION BY H. D. DONNELLY, EsgQ., or PROF. 
BRACKETT: 


199 Re-d. Q. In answer to cross-question 183, you state among 
other things, I believe that the laws of contact as brought out 
% in connection with the experiments in friction, will show 
e that in the arrangement imagined there need not necessarily 
be more particles in contact than are in contact in ordinary 
Arrangements. Please state a little more fully what you mean 
by the language quoted and state whether the condition sugges- 
ted in the question are in all respects similar to those found in 
the ordinary carbon telephone? 

A. Experiments show that when a body of shape similar to 
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the carbon blocks described are made to move over each other, 
the hindrance experienced, due to friction, does not depend 
upon the extent of surface in apparent contact, but on the 
weight and force pressing them into contact. The great sur- 
faces in contact, in the case supposed, will prevent neighboring 
particles of the two blocks coming into very intimate contact from 
the fact that the pressure is so widely distributed that the pro- 
jecting particles are not forced into very close contact with 
those of the other. If the upper block in the case supposed were 
turned on its edge, about three-fourths of an inch in thickness, 
fewer particles would bear the weight, and thus they would be 
thrust into more intimate contact and more particles will be 
brought into contact, thus opening more channels through 
which the electric disturbance will pass. The same reasoning 
will hold as respects intimacy of contact when smaller pieces of 
carbon are held in contact by springs or otherwise. In many 
forms of carbon transmitters the surfaces in contact are pur- 
posely multiplied by the employment of several pieces. 

200 Re-d. Q. As matter of fact, is it not true that there have 
been frequent discussions in electrical societies and publications 
as to the true action of the microphone; that is, whether it oper- 
ates by make and break of circuit, or simply by changes in con- 
tact pressure? 

A. It is true that such discussions have been and are still 
carried on by electricians and others having more or less know]- 
edge of electricity, and it is true that many persons participating 
in these experiments have seen what they desired to see, by 
which I mean that a partizan spirit appears largely in the con- 
troversy on both sides. 

201 Re-d. Q. You have been interrogated on your direct-ex- 
amination as to whether a single transmitter and receiver are 
denominated a multiple telegraph. If you know, state whether 
a single or common receiver was known or employed in har- 
monic multiple telegraphy prior to the date of Mr. Bell’s patent 
174,465, referring to any exhibits in thiscase showing or describ- 
ing such receiver? 

A. I find such a receiver described and shown in Johnson’s 
patent dated 1874, July 29th, No. 2646 (Dowd’s Record, Vol. 8, 
page 566, &c.); also in Varley’s English patent, sealed June 7th, 
dated April Sth, 1870, contained in the second volume of Dowd 
Record, page 549, ef seq.; also such a receiver is shown in second 
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volume of Dowd Record, page 766, and called concave metallic 
diaphragm magnet receiver;” also on page 769 of same volume is 
shown Gray's wooden sounding box magnet receiver; also 
diaphragm box magnet receiver” on page 777 of same volume. 

203 Re-d. Q. Please state what kind of current was used, as 
you understand, for the transmission of signals in the apparatus 
shown and described in the Varley patent referred to in your 
last answer! 

A. I understand the current used to be one superposed upon 
the buttery current by means of the inductive action of a mag- 
net or its equivalent without breaking the circuit or changing 
the resistance of the line—the so-called undulatory current. 

203 Re-d. Q. What do you understand the word telephone to 
mean, as it is commonly employed in the telephonic art? : 

A. I understand the word to mean an instrument or devica 
by which articulate speech may be transmitted electrically and 
reproduced at a distant station. When otherwise employed, it 
usually has a qualifying adjective. 

204 Re-d. Q. If you know, please state whether the cones A 
and L, shown in Figure 7 of Mr. Bell’s Patent No. 174,465 were 
known in acoustics prior to the date of Mr. Bell’s application for 
said patent? 

A. Cones similar to those there shown have, I believe, long 
been known and employed before the date of that patent, as in 
Leon Scott’s phonautograph and ear trumpets, &c. 

205 Re-d. Q. Have you ever seen a drawing or cut of an ap- 
paratus like that shown in Figure 7 of Mr. Bell’s patent in which 
there were two cones like A, both flaring from the membranes, 
and if so, state where you have seen it? 

A. There is such a figure shown on page 692 of the second 
part of the Dowd Record in the extract from a paper read by 
Professor Bell, October 3ist, 1877, before the Society of Tele- 
graphic Engineers. There is also, I believe, a similar figure 
shown in connection with Bell’s English patent. 

206 Re-d. Q. Do you or not find in Mr. Bell’s patent any 
means provided for regulating the tension of the membrane or 
for adjusting the relative position of the armature and magnets, 
or any scale or direction as to size of parts composing said 
instruments A and L in Figure 77 
A. I do not. 

207 Re-d. Q. In Mr. Bell’s said patent he mentions several 
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ways in which undulatory currents may be produced, viz.: 1, a 
wire through which a continuous current is passing caused to 
vibrate in the neighborhood of another wire; 2, a cylinder with 
bar magnets rotating in frent of an electro-magnet; 3, bringing 
the elements of a battery near together or farther apart; 4, im- 
mersing the conducting wire more or less in mercury or other 
liquid; 5, varying the depth of immersion of the elements of the 
battery. Do you or not find anything suggesting or hinting at the 
use of the energy of sound waves in either of the above-named 
methods? 

A. I find nothing either showing or suggesting such use. 

208 Re-d. Q. Was the so-called liquid transmitter publicly 
known at the date of Mr. Bell’s patent, so far as you know? 

A. So far as I know it was not. 

209 Re-d. Q. Do you know whether the American Bell Tele- 
phone Company commonly use a form of transmitting instru- 
ment like that shown and described in patent 174,465, and if 
not, what form do they use, to your knowledge? 

A. To the best of my knowledge they do not use any form 
shown in the patent alluded to, but to the best of my knowledge 
they employ a loose contact transmitter, the Blake generally, 
and the receiver having a permanent magnet, with helix and 
metallic diaphragm. 

210 Re-d. Q. Please state whether so far as you know, the 
form of apparatus shown in figure 7, of the first Bell patent, 
has ever been put to any practical use for commercial purposes? 

A. I do not think it has. 

211 Re-d. Q. Referring to the Reis publications, concerning 
which you have testified, in order that there may be no misun- 
derstanding as to your views concerning the same, will you 
briefly state what you understand to be the method of transmit- 
ting and reproducing tones and sounds therein set forth? 

A. Referring to the Reis publications as desired, I find the 
following language as bearing upon the question, Other experi- 
ments show that the sounding wire was capable of reproduc- 
ing complete chords of three notes of a piano upon which the 
telephone was placed, and that it reproduces equally well the 
‘* sounds of other instruments: accordeon, clarionet, horn, organ 
pipes, etc., provided that the sounds are within the compass 
F—f.” . 

This, to my mind, indicates that however the instrument 
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may operate, whether by actual make or break, so as to produce 
discontinuity of current or merely by change of pressure so as 
to change the resistance in the line, it did not in Reis’ hands so 
make and break, or in any way operate as to lose control of the 
receiving instrument to such extent as to seriously impair’ the 
characistic tones which it transmits, in that respect which Helm- 
hola has designated their quality of timbre. My own experiments 
confirm the statements made by Reis that the characteristic 
quality of tones is transmitted with substantial fidelity, which 
could not possibly happen if the assertion frequently made were 
true, that this apparatus were capable of transmitting pitch 
only. Since it is well known that the characteristics of various 
musical instruments depend on the number and relative fre- 
quency of the tones accompanying the fundamental, known as 
over-tones. I understand the method to be properly character- 
ized as the method of loose contact of conducting substances in 
an electric circuit containing a responding receiver, depending 
upon variations in its magnetic moment. 

212 Re-d. Q. Do you or not find anything in the mechanical 
construction of the so-called Reis apparatus or in its electrical 
or magnetic relations which necessitates a break of current when 
the apparatus is operated for the transmission of sounds? 

A. I find nothing in the description or construction of the 
apparatus which in my judgment indicates or compels such 
breaking when the apparatus is used properly. 

213 Re-d. Q. On your direct examination you testified con- 
cerning certain experiments which you tried with the McDo. 
nough apparatus at the physical laboratory at the College of 
New Jersey, and you are understood as to have stated in sub- 
stance that the apparatus with which those experiments were 
tried did not belong to you, but were the property of James W. 
McDonough, and you expressed a willingness to endeavor to 
obtain said transmitter and receiver for use as exhibits in this 
case; have you made such effort and have your efforts been 
crowned with success? 

A. The instruments in question were demanded, I suppose, by 
authority of James W. McDonough, and as I believe to be else- 
where used as exhibits, and have passed out of my possesssion. 
I have not therefore succeeded in securing them. 

214 Re-d. Q. Will you please look at the instruments now 
shown you and state if you know whether such instruments are 
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in construction substantially like the McDonough transmitter 
and receiver which you used in your experiments at Princeton 


about which you have testified? 
A. The instruments shown are constructed substantially like 


the ones I employed, the membranes, however, appear to me 
thicker, and I should fear less readily susceptible to sound 
vibrations than those which I employed. They are substan- 
tially reproductions of the instruments in question. : 


Instruments shown witness are put in evidence by the 
defendants for illustration and the same are marked 
Defendant’s McDonough Transmitter and McDonough 
Receiver. 


Adjourned by consent to Wednesday, the 19th day of March, 
1884. 


S. N. W. 
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29 Wax Srreer, New York. 
June 2, 1884, 10.30 A. M. 


Present—Mr. PeckHamM and Mr. Knox, of counsel for defendants ; 
Mr. DickERson, of counsel for complainants. 


Deposition of ALFRED G. HoLcoms, a witness sworn and exam- 
ined on the part of the defendants. 
INTERROGATED BY Mr. PECKHAM : 


1 Int. What is your name, age, residence and occupation? 
A. Alfred G. Holcomb; my residence is the City and State of 
New York; my age is 53; my occupation is now that of electrical 


2 Int. Have you made the subject of electricity a study, and if 
80, for how long and to what extent? 

A. I have made the subject of electricity a study ever since I 
could read ; since I was a boy. 

3 Int. Have you given any attention to the construction of ma- 
chines or devices for the transmission of speech or of sounds by 
electricity, and if so, state when and where and what you did? 

A. Ihave. In 1859, in the building, 208 Broadway I think it is, 
where the Post building is now, I made experiments for the purpose 
of getting tones, different tones, by electricity, to shorten the tele- 
graphic alphabet, or the Morse alphabet. I commenced by stretch- 
ing a pianoforte wire on a board, suspended between two screws 
over the boards. I placed an electro-magnet about or near the 
middle of that wire, the poles of that magnet at or near the middle 
of that wire ; the wire in the helix of the magnet was in circuit with 
six cups of Grove’s battery, and a rheotome taken from an indue- 
tion coil. I got sounds from the vibrations of the pianoforte 4 
strings, musical sounds, but did not get the variety of tone that I <a 
was in search of. I then substituted for the pianoforte string a 


sounding board. I then took a wooden tobacco box, I got Mr. 
Jesse Baker, who was then with Wells and Webb, in Dutch street, 
corner Fulton. He cut the tobacco box in two, planed down 
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piece of wood, and glued the wood to the box, also a piece of steel 
bow to the center of the diaphragm which was formed by the sound- 
ing board. Also he giued and fastened a brass clamp to one side 
of the box. The brass clamp and the steel bow was made by a 
Frenchman in a rear building in William street, New York, near 


„ <> ogi aii ay a, i ea eee eee il, Maa ah eta th ee lila ea 


two instruments that I described before, and that were used in Dr. 
Bradley's workshop. 

4 Int. With that result? 

A. We got different sounds and got articulate speech. 

5 Int. I hand you a box with a brass attachment, and ask you if 
you have ever seen it before, and when and where? 
A. That is the box made by Mr. Jesse Baker out of a tobacco 
box and a piece of sounding-board. 

6 Int. Is that the same box to which you referred in your an- 
swer to interrogatory No. 3? 

A. Yes; that is it. 

7 Int. Have any alterations been made in that box since the 
year 1860? 

A. It was broken and reglued, and has been shellaced over Ee 
sance. 


; 
3 
1 
5 
f 
4 


re 


DEPOSITION OF ALFRED G. HOLCOMB. 945 
8 Int. Is there any substantial difference in the box as it now 


exists from its condition at the time to which you referred in the 
answer to interrogatory 3? 

A. It lacks a set screw, also the steel bow is parted from it : 

9 Int. Is there any other difference? 

A. I see no other difference. 

10 Int. I hand you two steel bows, and ask you if you have ever 
seen those before, and when and where? 

A. Ihave. They belong to the sounding box of one of the in- 
struments which I used in 1860 for the purpose of producing artic- 
ulate 

II Int. Did either of them belong to the box which has just 
been shown you? 

A. One of them belongs to that box; the one with the piece of 
wood attached to it belongs to the box. 

12 Int. And what does the other belong to? 

A. The other belongs to another instrument, another box, that 
was made on the same pattern. 


Defendants offer in evidence the box referred to, and the 
same is marked “ Defendants’ Exhibit Holcomb Box, J. A. 
W., Sp. Exr., June 2, 1884.” 

Defendants also offer in evidence the steel bow belonging 
to said box, with a piece of wood attached, and the same is 


marked “Defendant's Exhibit Holcomb Bow No. 1, J. A. 


W., Sp. Exr., June 2, 1884.” 

Defendants also offer in evidence the other steel bow, and 
the same is marked “ Defendants’ Exhibit Holcomb Bow, No. 
2 J. A. W., Sp. Ex., June 2, 1884.” 


13 Int. I now hand you an instrument, which defendants now 
offer in evidence, and the same is marked, “ Defendants’ Exhibit 
Holcomb Telephone, J. A. W., Sp. Exr., June 2, 1884,” and I ask 
you whether it is the same instrument, or one of the instruments 
referred to by you in answer to interrogatory 3. If yea, please 
state whether the same is in the same condition now that it was at 
the time referred to in the answer to interrogatory 3, and if not, to 
state the differences? 

A. It is not wholly the same instrament, but like it. The steel 
magnet is one of those that I used in 1860. The brass clamp that 


supports the diaphragm and speaking tube is the same. The other 


EVIDENCE FOR DEFENDANTS. 


parts, in every essential particular, are the same, that is, the same 
construction, but new. 

14 Int. How about the wooden base? 

A. The wooden base is new. The tin is new and the mouth 
piece is new, and the bow attached to the diaphragm. It is all new 
except two pieces. 

15 Int. When were the parts which you deseribe as new, made? 

A. They were made in 1877 or 1878. 

16 Int. How exact is the reproduction of the part which you de- 
scribe as new? 

A. Practically the same. There is no essential difference. 

17 Int. Please now describe by reference to the exhibit “ De- 
fendants’ Exhibit Holcomb Telephone,” the operation of the instru- 
ment as constructed by you in 1860? 

A. The two instruments were connected in one circuit. It was 
operated by speaking against the diaphragm, which caused the steel 
bow to vibrate in front of the electro-magnet, causing the lines of 
magnetic force to move through the wire of the helix; thereby set- 
ting up an electrical disturbance in the circuit, and producing simi-. 
lar vibrations in the other instrument, or the receiving instrument. 

18 Int. Was there a battery in the circuit? 

A. There was not. 

19 Int. Please point out, by reference to the Exhibit Holcomb 
Telephone, how and at what points the connections were made ? 

A. The wires on the two spools were connected together, and 
the other ends were carried through the base board to the binding 
posts at the rear of the instrument. The two instruments were con- 
nected together by wires connected to the binding posts, forming a 
closed circuit. 

20 Int. In using the instrument you have described, with Dr. 
Bradley, please state where the several instruments were respective- 
ly situated ? 

A. In our first experiment, one instrument was placed upon a 
large table near the middle of the room; the wires connected to it 
were run through the crack of the door, and the door closed, and 
connected to the other instrument in a hallway outside. When I 
was at that instrument I held it in my hand. 

21 Int. Did you use the same instrument for speaking and list- 
ening ? 

A. We did; the same instrument for transmitting and receiv- 
ing. 
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22 Int. What became of the instruments you constructed and 
used in 1859 and 1860? 

A. Portions of the instruments are here and portions of them 

are lost. 

23 Int. Calling your attention now to so much of Exhibit Hol- 
comb Telephone as is comprised in the magnet including the helices, 
I will ask you whether that is the permanent compound U magnet 
for which you took a patent in 1860? 

A. I took a patent for that form of compound magnet in 1861, 
the 4th of June. I patented a similar one in May, 1860, but it was 
a slightly different device. : 

24 Int. Did you ever use these instruments, Exhibit Holcomb 
Telephone, at any other place than you have described, and if so, 
where ? 

A. I used them at Cape May, or Cape Island City, I think it is, . 
and used them in Maryland, at my house in Cecil County, in 1862, 
I think, two or three times. 

25 Int. When was it that you used them in Cape May, or Cape 
Island City ? 

A. In the fall of sixty-two or three. In the fall of sixty-two or 
the spring of sixty-three, along in the winter sometime. 

26 Int. Please describe how you used it at Cape May or Island 
City? 

A. The line was run from the sitting- room to the kitchen. One 
instrument was in the sitting room and the other instrument in the 
kitchen. 

27 Int. At whose or what house or building? 

A. At a house that I hired. 

28 Int. What use was made of it? 

A. I talked through it with a man who was postmaster, and had 
formerly been telegraph operator there, and also with my wife. 

29 Int. Do you know the name of the man, and is he living? 

A. I have forgotten his name. I haven't seen or heard of him 
since. 

30 Int. How long did you live in that house? 

A. Two or three months. 

31 Int. State what use was made of it at your house in Cecil 
County, Maryland ? 

A. It was used to talk through. 

32 Int. Who used it? 

A. Myself and my wife. 
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33 Int. How was it set up at your house in Maryland, that is, 
between what places or rooms? 

A. It was set up various ways, from the floor above to the ground 
floor, and also from the ground floor out doors, out in the garden. 

34 Int. Do you know of its being used at any other place or 
places ? 

A. I do not, at that time. 

35 Int. You said in your last answer “ at that time.” Answer in 
respect to any other time? 

A. It was used after seventy-six by myself, or similar instru- 
ments were used at 20 North Washington Square. 

36 Int. Who lived at No. 20 North Washington Square? 

A. Mr. Teachout. . 

37 Int. Who used the instruments there? 

A. I used them in connection with a man by the name of Gable. 
I think the name was Gable. 

38 Int. Well, where were the instruments placed and what use 
was made of them then? 

A. The wires. One instrument was placed in my room, the 
wires were run out of the window and run into his, this gentleman’s 
room, and were kept there a week or two. My room was situated 
in the front of the house, in the top of the house, top floor of the 
house. The wires were run out of the window and around at the 
west side of the house to the story below, and in at his window, 
and we talked and sang through it. 

39 Int. Was his room front or back? 

A. His room was the west side of the house, about half way 
back ; the middle of the house, you might say. 

40 Int. Was it a corner house? 

A. It was not. About ten or twelve feet on the first story of 
the first floor of the house, I should say; was but one story high, 
leaving ten or twelve feet above that between this house and .the 
adjoining house on the west side. 

41 Int. Did the windows of his room look on to os space of 
ten or twelve feet over the first story? 

A. The window did. 

42 Int. Will you state whether the instruments used by you at 
the house in W n Square were the same as shown in De- 
fendants’ Exhibit Holcomb Telephone, and, if not, in what respect 
they differed ; also, please fix more definitely the time to which 
you refer? 
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A. They are essentially the same instruments. I can’t locate 
he Ene cnnally — — ü camengenae ee 
nected with every time I lived there. 

43 Int. Fix it as nearly as you can? 

A. It might have been in seventy-seven possibly, or seventy 
eight. 

44 Int. Will you examine your correspondence and see if you 
can fix it definitely? 

A. It was the winter of seventy-seven and seventy-eight. 

45 Int. Please look at Defendants’ Exhibit Holcomb Telephone 
and tell me if the steel magnet in that instrument is the same that 
was used in Cape May and at your house in Cecil County, Mary- 
land, and also at 20 North Washington Square? 

A. It is. 


CROSS-EXAMINED BY Mr. DICKERSON: 


46 Cross-Int. How were you occupied and in what business in 
1859, 1860 and 1861? 

A. In 1859 I was engaged on a fac simile telegraph, and in "60 
and part of 61 I was engaged with wood engraving. 

47 Cross-Int. In what capacity and where were you engaged in 
wood engraving? 

A. I worked for Waters & Son for a while in the latter part of 
the year 1859. Then on the “Illustrated News; then at Frank 
Leslie's ; then on the Illustrated News” again. 

48 Cross-Int. Are you a wood engraver by trade? 

A. Yes, sir. 

49 Cross-Int. When did you go to Cape May and exactly where 
was it that you lived there? 3 

A. In the winter of 61 and 62. I have forgotten the street. 

50 Cross-Int. What is the name of the town or village in which 
you lived in Cape May? 

A. If I recollect right, it was Cape Island City. 

51 Cross-Int. What was your business there? 

A. I was looking for a farm in the lower part of New Jersey. 

52 Cross-Int. And while you were looking for that farm you 
hired a house and lived in Cape Island City? Is that so? 

A. That is so. 

53 Cross-Int. Were you looking for a farm to purchase or hire? 
A. To purchase, 
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54 Cross-Int. Did you succeed in finding the farm that you were 
looking for? 


A. I did not. 

55 Cross-Int. Then where did you move to? 

A. To Cecil County, Maryland. 

56 Cross-Int. What was your object in going there? 

A. Because I found one that I could purchase there. 

57 Cross-Int. And did you buy a farm there? 

A. I bought a small one there. 

58 Cross-Int. In what year was that? 

A. Sixty-two. 

59 Cross-Int. How long did you continue to live there? 

A. Between two and three years. 

60 Cross-Int. Where did you go then? 

A. I came back to New York. 

61 Cross-Int. Did you sell your farm? 

A. Not at that time. 

62 Cross-Int. What business did you go into in New York? 
A. I went in as superintendent of Frank Leslie’s Art depart- 


ment. 


63 Cross-Int. How long did you continue in that business? 
A. Up to 1874. 


64 Cross-Int. What did you then do? 


A. Went to Washington on to an illustrated paper there. 

65 Cross-Int. What paper? | 

A. I can’t think of the name at this moment. “The Chronicle.” 

66 Cross-Int. Is the “Washington Chronicle” an illustrated 
9 


A. It was published for about three months as an illustrated 


paper. 


67 Cross-Int. In what year? 

A. In the winter of seventy-four and five. 

68 Cross-Int. Where did you then go, and when? 
A. I came to New York. 

69 Cross-Int. When? 


A. In seventy-five. 


70 Cross-Int. What did you engage in in New York? 


A. Both in engraving and electrical experiments. 
71 Cross-Int. Where and in what capacity were you employed 
in engraving? 
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A. I stopped, lived at the Maxwell Hotel in Bleecker street. I 
worked for different parties. 

72 Cross-Int. Name the different — who employed you? 

A. Frank Leslie, D. Appleton & Co., and others. 

73 Cross-Int. Were you doing fine piece work engraving for 
these parties? 

A. Some of it fine and some of it coarse. 

74 Cross-Int. What were the electrical experiments that you were 
engaged in trying in 1875? 

A. Batteries, magneto-machines. 

75 Cross-Int. Were you experimenting to improve batteries and 
magneto-machines at that time? 

A. I was. 

76 Cross-Int. Were you having magneto machines built for e- 
periment? : 

A. I was. 7 

77 Cross-Int. What became of all the other parts of the two 
telephones which you constructed in 1860, and with which you tried 
your experiments with Doctor Bradley and an unremembered 
doctor in that year; the only parts now produced being the per- 
manent steel magnet said to have been used on one of those ma- 
chines, the sounding box, and the steel bow, with a brass attach- 
ment, and the brass clamp? 

A. They have been lost in moving, with the exception of 
some broken pieces of another diaphragm, which I saw the other 
day. ; 

78 Cross-Int. Didn't you think that a pair of instruments like 
that, with which a conversation could be held up, objects of su- 
ficient interest to be preserved, or did you think a talking telephone 
so trifling an affair that it would be of no consequence to keep it? 

A. I thought it of sufficient interest to be preserved. 

79 Cross-Int. But, in fact, you did not preserve it, but permitted 
GS he — How 
did that happen? 

A. I did not permit them to be broken up and lost. The losing 
of them was the result of moving and packing. 

80 Cross-Int. Didn't this permanent magnet in Defendants’ Ex- 
hibit Holcomb Telephone have a pair of spools fixed to it in 1860 
similar to those which now are attached to it? 

A. It did. 

81 Cross-Int. In 1861 you patented that arrangement of u per- 
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manent magnet with spools attached to id, such as in shown im th 
exhibit. Did you think it of enough importance to mention in 
that patent the circumstance that that comb tion operated to 
make a talking telephone, or did you accidentally omit to mention 
that triffing affair? 

A. I didn’t know at the time that I took out that patent that 
the combination in that patent was a talking telephone, as it has 
since proved to be. 

82 Cross-Int. That patent was taken in June, 1861. At that time, 
what did you think this combination to be? 

A. The combination of that patent do you mean? This combi- 
nation was not in that patent. 

83 Cross-Int. Didn't you patent the permanent magnet with its 


ends turned up in 1861? 


A. I did. 

84 Cross-Int. And that is the same thing exhibited in this Tele- 
phone Exhibit, is it not? 

A. It is. 

85 Cross-Int. Now, according to your testimony you had this very 
magnet in 1860 combined as it is shown in this telephone ex- 
hibit, transmitting articulate speech. Did you think at that time, 
or do you now think, of any more valuable use for that magnet than 
the one to which you had applied it in 1860, according to your tes- 
timony, namely, the transmission of articulate speech? 

A. I consider it of more value for transmitting articulate speech 
than in the form in which I put it in the patent. 

86 Cross-Int. And why didn’t you mention the circumstance in 
your patent of 1861, that this form of a magnet could be used, 
or had been used by you, for this valuable purpose, rather than 
confining it to the less valuable use indicated in your patent? 

A. Because I didn’t wish to make the device public until I 
perfected it. 

87 Cross-Int. Did you ever perfect it? 

A. I never did, no more than what is there. 

88 Cross-Int. Did you ever perfect it any more than what it was 
perfected in 1860? 

A. I never did. 

89 Cross-Int. Then, if I understand you, you considered that an 
apparatus through which persons could ma ntain a conversation by 
electricity, was not sufficiently perfect to be patented, and for that 
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* reason you left it out of your patent of 1861. Isn't that what you 
mean to say? 

A. I mean to say that the device for transmitting articulate 5 
speech was not sufficiently perfect to patent in combination with 3 
the device which I did patent in 1861. I didn’t consider it so. - f 
; 90 Cross-Int. I notice that in this Exhibit Holcomb Box there is 
ra a scroll cut out, similar to those cut in fiddles, for the purpose of 
7 letting the air vibrations communicate with those of the external 

air, which has been filled up with some kind of plastic material and 
varnished over. Do you know why you made that hole in that 
box, and when you plastered it up, and why? 4 

A. I made it as an experiment, to see if I could get any better 2 
results from it. I plastered it up probably for the same reason. I 4 
can’t say when. 

91 Cross-Int. In 1877 and 1878, when you constructed the tele- - 
ephone exhibit, didn’t you have Exhibit Holcomb Bow No. 1? 

A. I had it. 

92 Cross-Int. If I undestand your statement of the theory of 
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* this apparatus, it is that this bow being fastened at one end was made 
7 to vibrate like a tuning-fork, by its elasticity, when the wooden 
} diaphragm was spoken to. Is that correct? 
* A. It is; as far as molecular vibration is concerned. 

98 Cross Int I notice that this bow of 1860 is exactly four 


thirty-seconds of an inch thick, with the legs an inch and a half long 

and nine-sixteenths of an inch wide, whereas the bow that you 

made in 1877 is only one thirty-second of an inch thick and weighs : 

probably less than a quarter as much as the old one. Will you ex- 4 

plain why you didn’t reproduce your original apparatus when you d 
~ undertook to make this thing in 1877 or 1878 for the purpose of 

applying for a patent and getting an interference with Bell ? 


Objected to on the ground that there is no evidence of the 
measurement stated in the question, nor of the facts stated 
as to interference. 


A. I made in 1860 several bows, both light and heavy, of both . | 
steel and iron, and I made the bow for this exhibit as near as I 
could recollect to the size of the bows from which I got the best 
results. 

94 Croes-Int. Ian t it evident from inspection that the bow of 1860 
fita exactly upon the box of that date, and chat the box was var- 
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nished while the how was yet fastened to it; and that the bow has 
been pulled off the box since it was varnished? 

A. It is all evident, except the pulling off. 

95 Crosa-Int. Ian't it evident that the box was varnished the last 
time while this how was yet fixed to the box? 

A. It ia. 

96 Cross-Int. You made an affidavit, did you not, in the case of 
the American Bell Telephone Company against John J. Ghegan, in 
the United States Cirenit Court for New Jersey? 

A. I did. 


It is admitted by counsel for the defendants that the affi- 
davit, a copy of which is hereto annexed, signed by Alfred 
G. Holeomb, and sworn to before Edward Kent, Jr., Notary 
Public, on July ist, 1882, in the said cause, is the affidavit 
referred to in the preceding question and answer. 

Marked Complainats Exhibit, Holcomb Affidavit, J. A. 
W., Sp. Exr., June 2, 1884.” 


97 Re-direct Int. In the instrument you had in 1860, did you 
use any bent how, in which the material was as thin, and the pro- 
portions substantially the same as in that of this Exhibit Holcomb 
Telephone? 

A. I did; and used thinner bows; with better results with the 
thicker ones. 

98 Re-direct Int. In defendants’ Exhibit Holcomb Box, of what 
material is the bottom or diaphragm made? 

A. It is of wood of the same nature as is used for sounding 
boards for piano-fortes ; probably spruce 

99 Re-direct Int. Of what material in the cylinder part or rim? 

A. It is wood ; oak, I think. 

100 Re-direct Int. Do you remember cutting the scroll in that 
exhibit, that has heen referred to by complainants’ counsel? 

A. I recollect cutting it. 

101 Re-direct Int. Do you recollect filling it? 

A. I do not. : 

102 Re-direct Int. Now isn’t it true that that box was made by 
you as a sounding box, and that you got the material for the top of 
it, such as is used for sounding boards for pianos, under the impres- 
sion that such material would make a better sounding box than any 
other kind of wood, and that you cut the hole in imitation of a fid- 
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dle scroll under the impression that that sort of a hole would im- 
prove the quality of the sounding board? - 

A. That is true. 

108 Re-direct-Int. What do you mean by the term “ sounding- 
box” as used in the instrument Holcomb Telephone? 

A. I mean a box that is capable of vibrating to the sound of the 
voice, or any other sound. 

104 Re-direct-Int. When you say that you intended Exhibit 
Holcomb box to be used as a sounding box, what was the function 
you intended it to perform in the instrument of which it was a 


A. To reproduce the vibrations imparted to it by the pulsations 
of electricity. 

105 Re-direct-Int. And what in the instrument that was used 
as a transmitter? ; 
A. To produce pulsations of electricity corresponding to the 

sounds that were given to the diaphragm. 

106 Re-direct-Int. Given by what? 

A. Given by the voice or any other manner. 

107 Re-direct-Int. What effect did you find was produced by the 
cutting of the scroll? 

A. I don’t recollect. I think the effect was not so good. 

108 Re-direct-Int. Now, isn’t this the fact, namely: You first 
stretched a wire in front of the poles of your magnet, working it 
with a rheotome. That wasn't loud enough. You then set up this 
tuning-fork bow in front of the poles, and that wasn’t loud enough, 
and you then fixed the bow on to a sounding-box to reinforce the 
sound in the bow, and thereby produced this thing now made an 
exhibit; which, if the bow was made to vibrate would reinforce its 
sound, the pitch of the note being communicated by the rheotome 
in the same way, whether the wire was used or the simple tuning- 
fork was used, or the tuning-fork reinforced by the sounding box 
used, the quality of the signals being controlled by the rheotome in 
all cases alike, and that the object of making the box and cutting 
the scroll into it was to reinforce the sound of the tuning-fork? 

A. Well, I can’t say that is all true. 

109 Re-Croes-Int. Ian't this much of it true, that that sounding 
box was made for the purpose of reinforcing the sound of the tun- 
ing-fork which was fastened to the sounding-board of it? 

A. No. 
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110 Re-Cross-Int. And it was never used for that purpose. Do 
you mean to say that? 

A. I mean to say it was not used for that purpose. 

111 Re-Cross-Int. So that, after having used a tuning-fork and a 
rheotome, and then having fastened that tuning-fork to a properly 
constructed sounding box, you never tried it with a rheotome again 
to see the effect? 


Objected to, that the question assumes that the witness 
fastened the tuning-fork, which he had used with the rheotome, 
to a sounding box, of which there is no evidence. 


A. I never did. 

112 Re-direct-Int. Ian't it true that after you had gone through 
the series of experiments stated, and had finally used this bent bow 
attached to the box in front of the poles of the magnet, you then 
found the device to transmit speech. 


Objected to as obviously leading the witness to an answer 
that he has not yet made under a proper examination. 


A. I found, when I placed the bow on the diaphragm and placed 
it before the poles of the polarized magnet, that it produced articu- 
late speech. 


Subscribed and sworn 4 


ALFRED G. Horcom. 


before me this 2d day 
of June, 1884. 


JosEPH A. WELCH, 


Adjourned till June 3, 1884, at 11 A. M. 
J. A. Wen, 
Special Examiner. 
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ni 
Jung 3, 1884, 11 A. NM. 


Present the same counsel as yesterday. 
Deposition of George A. Avery, a witness called by the defend- 


A. My name is George A. Avery; my age is forty; my resi- 
dence is 62 West Fifty-fifth street, New York City. My occupation 
is that of an engraver. 

2 Int. What was your residence and occupation during the years 
1860, 1861, 1862 and 1863? 

A. The same occupation, and the residence I don’t remember; 
think it was Eighty-first street—Eighty-third street about that time. 
It was sparsely settled, so I don’t remember the number. What they 
call Yorkville. 

3 Int. During the last mentioned years were you acquainted with 
Alfred G. Holcomb; and if so, what was your acquaintance and re- 
lations to him? 

A. Part of that time he was superintendent of the department 
I worked in, Leslie’s Illustrated Newspaper. And also intimately 

4 Int. Were you employed in the same room with him? 

A. Tes, sir. He had a little office, closed geoff. I had access to 
it, though. 

5 Int. During the time you were acquainted and employed with 
him, during the last mentioned years, were you aware of any eleo- 
trical experiments that he was conducting, and did you see any 
electrical instruments which he had? If so, state your knowledge 
upon that matter? 

A. I can answer, yes. And that the purport of it was, to trans- 
mit articulate sounds over a wire. And that I remember part of 
that instrument that I see before me. 


(Witness here pointed to Defendants’ Exhibit Holcomb 
Telephone. J. A. W., Sp. Ex’r.) 


258 EVIDENCE FOR DEFENDANTS. 


6 Int. I now show you Defendant's Exhibit Holcomb Telephone, 
and ask you to state what parts you definitely remember as being 
seen by you at the time mentioned in your last answer? 

A. Only this part: I don’t know what you call it; the magnets 


and the cylinders or spools. 

7 Int. Removing the tin speaking tube from the exhibit, I will 
ask you if you now recognize any other parts of the instrument? 

A. Only a faint resemblance, but nothing definite. I couldn’t 
tell whether that was the one or not. 

8 Int. Without asking you whether you can tell if that is the 
instrument or not, is there any other similarity or dissimilarity be- 
tween the exhibit and the instrument you then saw, other than you 


have stated? 
A. There is none. 
9 Int. Have you any recollection whether in the instrument you 
then saw, there was or not anything in front of the spools of the 
; if so, state your recollection upon that subject? 
A. I think that last answer covers the point. I think I stated 


there was a vague recollection of something, but I didn’t know 
what it was. I remember a bar of soft iron 22 ——— 


with. I don't see it here. 
10 Int. Where did you see the instrument or instruments, and if 


anything was done with them in your presence, won't you state 
what and all that you remember to have seen done with them? 


Counsel for the complainants objects to this question, as 
obviously intended to lead the witness, by suggestions, to 


state something contrary to what he already has said. 
Counsel for the defendants insists that the question is a 


perfectly legitimate and proper one, and asks to have it an- 
swered. 


A. I saw it at the Art Department of the Frank Leslie’s News- 
paper, Staats Zeitung. Now, I have nothing more to say about 
this thing. I don’t know a thing about it; no more. I came here 
to recognize the instruments, and I recognized them ; the part that 
I mentioned ; and that it was an electro machine for the purpose of 
talking. That is all I know, 
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ꝗ6 — By Mn. Dicxenson: 


11 Cross-Int. After you saw that magnet and spools at Frank 

Leslie’s when did you next see them? 

A. Don't recollect seeing it again till to-day. 

Gro. A. AVERY., 

Subscribed and affirmed this 

3d day of June, . 

fore me. 

? J. A. WELCH, 


Deposition of WII MontcomEny AVERY, a witness called 
and affirmed on the part of the defendants before me. 
J. A. WELCH, 
InTERROGATED BY Mr. Kxox: 
1 Int. What is your name, age, residence anc occupation? 


A. William Montgomery Avery; fifty years old; occupation, 
engraver on wood; residence, Grand street, Astoria, Long Island 


City. 
2 Int. Where did you reside in the years 1861, 1862 and 1863, 
and what was then your occupation? 

A. In 1860 and 1861, one hundred and twenty-three East Eigh- 
ty-third street. Two and three, Eighty-fiſth street near Fifth avenue. 
My occupation was engraver on wood. 

3 Int. During the last-mentioned years, were you acquainted 
with Alfred G. Holcomb, and if so, what was the extent and nature 
of your acqaintance with him? 

A. I was acquainted with him, five months as an employee, the 
rest as, say, fellow workman. 

4 Int. During the time you were so acquainted and employed 
with him, during the last-mentioned years, were you aware of any 
electrical experiments that he was conducting, or did you see any 
electrical instruments that he had, if so, state fully your knowledge 
upon those matters? 

A. I was thoroughly aware of what he was endeavoring to per- 
fect. Do you wish me to refresh my memory so that I can bring it 
down particularly, or do you wish me to state in a general way? 


Defendants’ counsel says that he wishes the witness to an- 
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swer as definitely as he can, and if he has any way of refresh- 
ing his memory, to avail of it. 


(Witness proceeds:) The first time I saw this (taking up Defend- 
ants’ Exhibit Holcomb Box) I asked him what it was for. He 
said, “I am making something to talk through wires.” 

5 Int. When did you first see the Exhibit Holcomb Box, which 
you had in your hand when you made the last answer? 

A. Between December, 1860, and February the fifth, 1861. 

6 Int. Now, where did you see it? 

A. On the fourth floor of Frank Leslie’s Engraving Office, 19 
City Hall Square, “ Daily News” Building. 

7 Int. In what shape and condition was it when you so saw it at 
that place? 

A. Something similar to this; it may be the same thing for all 
that I know (witness taking in his hand Holcomb Bow No. 1), al- 
though it looked a little thinner. It may be the same one; it's long 


ago. . 

8 Int. In what condition was the Exhibit Holcomb Box at that 
time, in relation to the Exhibit Holcomb Bow No. 1; whether they 
were fastened or separate? 

A. Separate; afterwards adjusted, to show me how it would 
work. 

9 Int. State what you mean by adjusted in your last answer? 

A. Put together. 

10 Int. Now, will you state any other instrument, or parts of in- 
struments, which you saw at that time, if any? 

A. I recognize the home-made magnet. I call it home-made, 
crude (witness pointing to the magnet on Defendant's Exhibit Hol- 
comb Telephone). I don’t think I would be justified in going any 
further, because I don’t seem to recognize anything else. In giving 
testimony I like to be positive of it. What I have said I remember. 

11 Int. By the term “magnet” or “home-made magnet,” do 
you mean to exclude or include the spools shown on the Exhibit 
Holcomb Telephone? 

A. The instrument not including the tin portion. 

12 Int. Please answer that a little more fully? 

A. Magnet and spools; probably with a different covering: I 
include the 
13 Int. Have you any recollection whether in the instrument you 
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then saw there was anything in front of the spools of the magnet; 
if so, state your recollection upon that subject? 
A. Mr. Holcomb put the round cover in front of it temporarily, 
to show the intention of the machine, instrument I should say. 

14 Int. What do you mean by the round cover? . 

A. The exhibit I have first described or mentioned (witness 
taking in his hand the two exhibits, Holcomb Box and Holcomb 
Bow No. 1). 

15 Int. Have you any recollection as to what the magnet and» 
spools rested upon at that time, if so, please state your recollec- 
tion? 


A. No positive recollection. They were on his desk, in a pro- 
miscuous way. He put them together to show how they worked. 
It was an everyday occurrence. 

16 Int. At the time when you say Holcomb placed the Exhibit - 
Holeomb Box and Exhibit Holcomb Bow No. 1 before the magnet, 
were they fastened together or separate? 

A. First separate, then attached. 

17 Int. Did you ever see the instrument which you have de- 
scribed, used by Holcomb or anybody else for any purpose ? : 

A. The same kind of an instrument? 

(Complainants’ counsel says “ that instrument that you saw at 
that time,” and witness continues) No, sir 

18 Int. Did you ever see, or about the time that you saw this 
instrument, did you see any instrument of similar construction used 
by Holcomb or anybody else? 

A. No, sir 

19 Int. At the time Mr. Holcomb exhibited these instruments 
to you, did he say anything to you by way of description or as to 
their mode of operation? 

A. I presume that he told me all he knew. It would be impos- 
sible for me to give it to you, as it was his hobby and not mine. 

20 Int. Do you remember whether at that time he said anything 
to you as to the purpose and design of the instruments; and if so, 
what? And if you cannot give the words, state the substance of 
what he said, if you recollect it ? 

A. In his explanation of course hé gave the intention, and that 
was to make the instrument work so that one person could talk to 
another by using wires and batteries, and the other appliances which 
he showed me. 
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262 EVIDENCE FOR DEFENDANTS. 
Cross-EXAMINED BY Mr. DICKERAON : 


21 Cross-Int. Do you remember how many cups or cells the bat- 
tery had that he showed you? Was it more than one? 

A. I never had it explained to me, that portion; only I knew it 
was a battery from having seen it from as far back as 1858. 

22 Cross-Int. Did he show you how the wires were connected to 
the magnetic apparatus and the battery ? 

A. Not that I can give a definite answer. Of course he must 
have done it, or the explanation would have been valueless. 

23 Cross-Int. Do you remember what the other appliances w 
which he showed you, besides the battery ? 

A. Merely the connecting wires and the coil. 

24 Cross- Int. Can you describe that coil more particularly? 

A. Only by saying it was a coil of copper wire, such as is in use 
to-day, as near as I can remember. 

25 Cross-Int. Do you mean by that such as is used in medical 
apparatus and such as that; that is, a coil standing upon end, with 
some little apparatus round the end of it? 

A. I mean by coil, skein you might say, so many feet to the 
pound, for general use, without attachments. 

26 Cross-Int. Then the whole apparatus, as I understand you, 
which you saw, consisted of the magnet and spools, the box and 
bow which you have identified, a battery and a coil of wires. Is that 
correct ? 

A. Yes, sir. 


Re-pmecr sy Mn. PECKHAM : 


27 Re-direct Int. In speaking of a coil of wire, do you attach 
any special meaning to the word coil ? 
A. Wire in balk. 
Wa. Montcomeny Avery. 


this 3d day of June, 
1884, before me. 
J. A. Won, 


Subacribed and i sonst 
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Deposition of Jom P. Davis, a witness called and sworn on the 
part of the defendants, before me, J. A. Welch, Special Examiner. 


EXamMIneD BY Mr. Knox: 


1 Int. What is your nane, age, residence and occupation? 

A. My name is John P. Davis. My age is fifty-two. My resi- 
dence is 424 East One Hundred and Twenty-second street, in the 
City of New York. I am an engraver on wood. 

2 Int. Where did you reside and what was your occupation in 
the years 1860 and 1861, and were you, during those years, associa- 
ted in any business capacity with Alfred G. Holcomb ; and if so, 

* what was the business and where was it conducted ? 

A. I resided somewhere in that part of New York called York- 

ville. I think it was Eighty-third or Eighty-fifth street, I am not 
sure which. I was then an engraver, as I am now. I was associa- 
ted with Mr. Holcomb in business. A portion of the time we had 
charge together of Frank Leslie’s engraving establishment. The re- 
mainder of the time we worked together on the Illustrated News.” 
3 Int. During the time you were acquainted and associated with 
Mr. Holcomb in 1860 and 1861, were you aware of any electrical ex- 
periments that he was conducting, and did you see any electrical 
instruments that he had; and if so, state your knowledge upon 
those matters as fully as you can? 

A. I was aware of his electrical experiments. Well, there (tak- 
ing up Exhibit Holcomb Box and Exhibit Holcomb Bow, No. 1) is 
something I saw, and this (putting his finger on the magnet of Ex- 
hibit Holcomb Telephone) I was perfectly well acquainted with. At 
the time I was aware of all his experiments; assisted him in most 
of those that he made ; but at the time that he was engaged in these 
experiments we became dissociated ; that is, in the experiments with 
the box, bow and magnet. Consequently I only know of the be- 
ginning of them. I don't know of anything else. 

4 Int. I now show you Defendants’ Exhibit Holcomb Box, and 
ask you if you have ever seen it before; if so, when and where and 
under what circumstances? 

A. I saw it or one like it some time in the year 1860 at Lealie's 
Engraving Office. I couldn't exactly tell what circumstances it was 
under, but I saw it many times. Mr. Holcomb carried these things 
around with him, and I have been with him to the machinist who 
did his work for him 
5 Int. I notice upon Defendants’ Exhibit Holcomb Box a brass 
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264 EVIDENCE FOR DEFENDANTS. 
attachment and would ask you if you have any recollection about 
that, and if so; to state it? 

A. Nothing particular. I recollect there being a brass attach- 
ment there. 

6 Int. I show you Exhibit Holcomb Bow No. 1 and ask you if 
you have any recollection about that, in any rejation to Exhibit 
Holcomb Box? 

A. Nothing very particular. I have seen it on and off the box. 

7 Int. I show you Defendants’ Exhibit Holcomb Telephone and 
ask you if you remember during the time stated to have seen it, or 
any parts of it, in the possession of Mr. Holcomb? 


. Objected to as leading, the witness having defined and 
pointed out exactly what he did remember to have seen, and 
having specifically sworn, “I don’t know of anything else.” 


A. Well, excepting this magnet, or a similar one, I don’t remem- 
ber to have seen it. 

8 Int. By the term “ magnet,” . 
spools, or otherwise? 

A. Yes, sir. — PR Con 


magnet I think it is. 


9 Int. When you saw the magnet and the spools, whére were 
they, and do you remember upon what they rested, and was there 
anything in front of the spools? 

A. My recollections of the magnet go back to the year 1857, 
when Mr. Holcomb discovered the potency of this combination, and 
was experimenting with it and developing the fac-simile 
His-experiments with it, in connection with the telephone, were 
earried on when I was not so intimately connected with him, I only 
remember having seen it once or twice, separate from any other 
part of the instrument. 

10 Int. Do you mean by that, that you were not familiar with 

any of his experiments with this magnet, with reference to the tele- 
phone? 

A. I was not. 

11 Int. At the time that you saw and knew of Defendants’ Ex- — 
hibit Holcomb Box and Defendants’ Exhibit Holcomb Bow No. 1, 
did Mr. Holcomb give any explanation of the purpose or design of 
those instruments ; if so, what did he say about them? 

A. Undoubtedly. We were on very excellent terms, and he de- 
scribed to me all of his experiments, but I knew so little about 
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electricity myself, and not being personally interested in it further 
than through my friendship for Mr. Holcomb, I lave only a limited 
recollection of these experiments, or of his experiments, in so far as 
I assisted him in them. 

12 Int. Do you mean by that that you have no recollection of 


~ anything that he said in reference to the two exhibits mentioned? | 


A. I have none. 

13 Int. Did you assist in any experiments in which those exhib- 
its were used? 

A. I have no remembrance of having done so. 

14 Int. Did you furnish any part of Defendants’ Exhibit Hol- 
comb Box? 

A. I believe I furnished the wood. I furnished that box, I 
think (taking up Defendants’ Exhibit Holcomb Box). It is now 
twenty years, and of course my recollection wouldn't identify that 
box (still holding it) from any other of the same construction ; but 
I had the reputation of having contributed that portion toward Mr. 
Holcomb’s invention. I don't recollect anything of it in recent 
years, though. This constituted originally the top of a tobacco 
box, which Mr. Holcomb thought was suited to the purpose he had 
in hand. Asked me for it, and I gave it to him. 

15 Int. When you gave this box to Mr. Holcomb did he state to 
you the purpose for which he wanted it? If so, what was it? 

A. Very likely, but I don’t remember what it was. 

16 Int. When did you first hear of his experiments with refer- 


‘ence to the telephone? 


- Objected to because the witness has not said that he ever 
_heard of any experiments with reference to the telephone. 
A. I don’t remember. 


CrOsS-EXAMINED BY Mr. DICKERSON : ä 
17 Cross-Int. In what year did your intimate association cease 
with Mr. Holcomb? 
A. I think in the year 1864. 
18 Cross-Int. For how many years before that had it continued? 
A. Eight years. 


Subscribed and sworn to this 
. 3d day of June, 1884, before 


me. 
J. A. WELCH, ; 


Jno. P. Davis. 
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Deposition of JR K. Baker, a witness called and sworn on the 
part of the defendants, before me. 
J. A. WELCH, 
EXxaMINED BY Mn. PeckHam : 


1 Int. What is your name, age, residence and occupation? 

A. My name is Jesse K. Baker; my age is sixty-one; my occu- 
pation is that of printer's joiner; my residence is 255 High street, 
Brooklyn. 8 

2 Int. Do you know Mr. Alfred G. Holcomb, and, if so, how 
long have you known him? 

A. Ido. I have known him thirty odd years. 

3 Int. Do you remember in 1859 or 1860, or 1861, making any 


instruments or parts of instruments for electrical purposes for him? 
A. No, sir. 


4 Int. Do you at any other time? 

A. No, sir. Well, I say no, sir. I have done little odd jobs for 
Mr. Holcomb at different times. What purpose they were intended 
for I don’t know anything about that. 

5 Int. Calling your attention to Defendants’ Exhibit Holcomb 
Telephone, and also to Defendants’ Exhibit Holcomb Box, and Ex- 
hibits Bent Bow Nos. 1 and 2,I ask you if you ever saw them, or 
either of them, in the years 1859, 1860 or 1861, and if so, when, 
where, and under what circumstances? 

A. (Witness laying his hand on Exhibit Holcomb Telephone). I. 
don’t know anything about that. 

(Then pointing to Exhibits Holcomb Bow Nos. 1 and 2:) I don’t 
know anything about these. I am not a worker in steel. I work 
in wood N 

(Then taking Exhibit Holcomb Box in his hand:) From the best 
of my knowledge and belief, in the fall of 60—1 think it was in the 
fall, but it was in 1860—I made an arrangement like this. I was 
going to say I made this, but I didn’t. I made a decent thing; 
this one is a botch. Somebody has been tinkering at this, or it haa 
been broken. Understand me, the article which I built is on the 
same principle as this, just like this, with the brass he brought me, 
and the attachment I made. 

He and I had a laugh over it. I never have seen another since. 
I didn't know what he wanted it for. Holcomb told me what he 
wanted, and I went to work and made it for him. 
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6 Int. What is your judgment as to the identity of Defendants’ 
Exhibit Holoomb Box with the device which you made? 

A. Well, what you want to get at is, what makes me think that I 
made this, or one like it? To the best of my knowledge that is the 
same wood that I used, that I made; but somebody has been abus- 
ing it; it has been badly handled since I had it. I made some- 
thing neat. I didn’t daub it with glue. 

7 Int. Calling your attention to the brass attachment on that 
exhibit, did you attach it to the wood, and if so, where did you get 
the brass attachment ? 

A. Mr. Holcomb brought it to me, and I put it on the box. 

8 Int. At the time you made that box for Mr. Holcomb, did he 
tell you what he wanted it for, or the use which he intended to 
make of it? 

A. No, sir 


CO- BY Mn. DICKERSON : 


9 Cross-Int. Don’t you remember that Mr. Holcomb brought 
you the band which had been part of the tobacco box, and got you 
to put the head into it and fasten the brass to it? 
A. Yes, sir. 
10 Cross-Int. Do you remember whether the hole through the 
cover, which is now filled up with cement, was cut by you at that 
time ? 
A. No, sir. I cat no hole into it. I have no recollection of 
ing any hole into it. 
— JexssE K. Baker. 
Subscribed and sworn to this 

3d day of June, 1884, be- 

fore me. 


Deposition of James S. Patrenson, called and sworn on the part 
of the defendants, before me, 
J. A. WELCH, 
Examinep BY Mn. Knox. 
1 Int. What is your name, age, residence and occupation? 
A. My name is James S. Patterson; my age is 50; my occupa- 
tion is wood engraving ; my residence is Woodridge, New Jersey. 
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2 Int. Where did you reside in 1860 and 1861 ; what was your basi- 
ness and were you during those years acquainted with Mr. Alfred G. 
Holcomb, and if so, what was the extent of your acoquaintance 
with him? 

A. I resided in the City of Brooklyn; was a wood engraver— 
was a shop mate, you might say, with Mr. Holcomb at that time, 
and had known him since 1854. 

3 Int. During the time your were acquainted him in 1860 and 
1861, were you aware of any electrical experiments he was conduct- 
ing, and did you see any electrical instruments which he had; if so, 
state fully your knowledge upon those matters? 

A. I recollect very distinctly his experimenting in electricity, 
using magnets, and his endeavor to prove to us that he could convey 


sounds to a distance; to us, I mean his shop mates. He endeav- 


ored to make those sounds intelligible through the phonetic system. 
The only instruments I can remember, was a magnet with a helix. 


He had several, but this is the only one I remember distinctly. 
Then he had a round box made from a sort of red wood, I couldn't 


tell exactly what it was, made I thought out of a box for smoking 
tobacco ; similar to that one there (pointing to defendant's Exhibit 
Holcomb box). The top was covered with a piece of sounding board 
that he obtained at a piano factory. I suggested his going to a 
piano factory. Fastened to that was a piece of steel. That looks 
like it (taking up Defendants’ Exhibit Holcomb Bow No. 1). There 
was a magnet in shape similar to a horse-shoe. I never saw that in 
its entirety. That is about all the pieces that I saw of the instru- 
ment. The conversations, little bits that I can remember of various 
conversations, was that he could convey sounds through that box to 
a long distance intelligibly by phonetic sounds. I don’t know that 
I can recall anything further. 

4 Int. I now show you Defendants’ Exhibit Holcomb Telephone, 


and ask you if you can say whether the magnet in that exhibit is 


the one you saw there at that time ? 

A. I think not, sir; I don’t remember seeing that. The one that 
I did see, the magnet was perhaps two inches longer than those, and 
was attached to a 

5 Int. Did the magnet which you then — oe 
spools which are now on the exhibit? 


A. The spool is what I refer to being longer. 
6 Int. At the time you saw the instrument last stated, how was 


the magnet supported ; what was there in front of the spools, if any- 
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thing, and what position did it occupy in relation to Exhibit Hol- 
comb Box and the attached bow? 

A. I coyldn’t describe the construction of the apparatus. I 
never saw it used in connection with the box. The one that I refer 
to was used more for giving shocks, so far as I knew. ; 


James S. Parr. 


Subscribed and sworn to this 
Id day of June, 1884, be- 
me. 
J. A. Won, 
Special Examiner. 
Adjourned till June 5, 1884, at 11 A. M. 
J. A. W., 
Spec. Exr. 


29 WAI Srreer, New Yor, — 
June 5, 1884, 11 A. M. 


Present—Mr. Pecrnam, of counsel for defendants. 
Mr. Dickerson, of counsel for complainants. 
Deposition of Cyrus F. Brackett resumed. 
Direct EXAMINATION CONTINUED BY Mr. PEecknam: 
23 Int. I call your attention to Defendants’ Exhibit Holcomb 


Telephone, and ask you if you have examined and understand the 


same, and assuming it to be connected by wire with another 
and similar instrument, if you understand the mode of operation 
thereof? ü 

A. I believe I understand the construction and operation im- 
plied in the question. : 

24 Int. Referring to the patent to Mr. Bell, No. 174,465, and par- 
ticularly to the fifth claim thereof, please contrast the instrument, 
devices and method described in said patent with the instrument 
and method of Defendants’ Exhibit Holcomb Telephone, and state 
wherein the same are substantially alike or unlike? 

A. The apparatus shown in diagram accompanying the specifica- 
tion mentioned shows a vibrating membrane, to which is attached 
a hinged armature forming part of an electro-magnet also shown in 
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when in circuit with a battery or its equivalent. The instrument 


shown as Holcomb Telephone in like manner contains a vibrating 
membrane, in this case of wood, to which is attached permanently 
an armature of iron or steel, twice bent, so that while one extremity 
is attached to the middle of the diaphragm the other extremity is 
brought by means of a hinged adjusting device just in front of the 
pole pieces of a polarized magnet. 

The construction of this magnet is different from that shown and 
described in Bell’s specification, in that it consists of a compound 
permanent steel magnet of the U form with its extremities bent 
back at right angles, so as to receive iron cores which are wound as 
in ordinary electro-magnets. The extremities of this winding lead 
to binding screws, to which wires attach for the purpose of joining 
this to another of similar construction, as implied in the question. 
The operation is as follows, in case of the Holcomb instrument. 

When by a sound the membrane is made to vibrate, the bent 
iron armature attached to it also vibrates, and in virtue of its rapid 
approaches to and recessions from the pole pieces of the magnet, 
the magnetic moment of the latter is caused to vary continually, or 
in accordance with the variations of the sound, and in consequence 
of these variations currents are set up, which traverse the entire cir- 
cuit, and so produce corresponding changes of magnetic moment in 
the second instrument used as a receiver. 

The apparatus shown and described in the patent could not be 
operated without a battery in circuit, while the Holcomb apparatus 
will be operated without it. 

A metallic tube of similar character is found in both. 

25 Int. You have not stated whether the mode of operation in 
the two instruments is substantially the same, in your opinion, or 
otherwise. Please do so? 

A. Premising that the action of the battery in case of Figure 7 
of Bell’s patent, is merely to constitute the iron cores, magnets, the 


action in the two cases, if the instruments were operative, would be 
the same substantially. 


26 Int. Calling your attention now to Bell patent 186,787, and 
particularly to the fifth, sixth, seventh and eighth claims thereof, I 
ask you to make the same contrast between the devices and methods 
shown in that patent and the Exhibit Holcomb Telephone, and also 
to give your opinion as to whether the devices and methods de- 
scribed in said patent are substantially like or unlike those shown 
in Exhibit Holcomb Telephone, and in what respect? 
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A. Claim five of the patent alluded to is for the formation of a 
: magnet with a coil of wire on the end or ends of the magnet nearest 

the plate. This construction is present in the Exhibit Holcomb 
Telephone. Claim six of the patent is for the combination with the 
electric telephone, such as is described, of a sounding box. The 
same is present in the Holcomb Exhibit, substantially as shown and 
set forth, namely, a conical metallic tube joined at its larger ex- 
tremity with a shorter cylindrical tube, adapted to receive the 
wooden box, in which what ordinarily corresponds to the wooden 
bottom is the vibrating plate. 

Claim seven of the patent is for the employment of a speaking 
or hearing tube for conveying sounds to or from a telephone. This 
tube is present in the Holcomb Exhibit. 

Claim eight is for the combination of a permanent magnet with 
a plate of iron or steel, or other material, capable of magnetic in- 
duction, with coils upon the end or ends of said magnet nearest the 
plate. The same are present in the Holcomb Exhibit substantially 
as set forth, because the wooden plate with its attached armature is 
properly regarded as a mechanical equivalent of the plate shown 
and described in the specification. 

In my opinion, there is no difference in the modes of operation 
involved in the Exhibit Holcomb Telephone from those set forth in 
2224 The devices are substantially 
the same. 


CROsS-EXAMINED BY Mr. DICKERSON :» 


27 Cross-Int. You said that in the Exhibit Holcomb Telephone 
there was a membrane in that case of wood. Do you consider the 
sounding board of a guitar, for instance, to be properly called a 
membrane ; and if so, when until to-day did you ever hear a wooden 
sounding board of a musical instrument called a membrane? 

A. Without making any point of calling it membrane rather than 
diaphragm, I may say that I used the word in precisely the same 
way that we often speak, perhaps improperly, of the thin iron mem- 
brane of a telephone. The idea in my mind was simply that the 
wood in this case behaves precisely as what is confeesedly a mem- 
brane in figure seven behaves. I would not call the sounding board 
of a guitar a membrane, while I would call the sounding part of a’ 
banjo a membrane. Webster remarks that the term is applied to 
the thin expanded parts of various texture, both in animals and 


— 
— —— 


—— — 
— ee ae 
3 
ow —— ne 


* 
RN 

— a tae — 
r 92 


8 
eee 
eae 
Caveat te 
7 


—— 
— 
. 
1 
* ‘ 


* 
—— — — 


= 
on 


— — 
7 1 
2 —— em 
— — 2 Se — 
S — 
8 —— — an aes — 
N — 


— 


Yad & BO te : 3 
4 ’ 
* . * 1 ** 14 tik 0 
4 BMS oe . a , a 1 1 N A Dine “ 
— 1 ~~ —— — — ° — 1 
~ 7 9 1 y * 1 2 * * 
: , ie 7 Py NMG A , y 1 i „ * 4 
. 3 . a 4 re di 
- 5 * 1 0 . [ 5 N 
1 a rea * 
e 1 * „ 
* 1 . / a 
. 2 — * fi le abi 8 1888 * a ; 1 
SSS : ~ ee — ee eee eee aren Perce ce ee — wee eet on 1 
== — ow — r 2 . eels nme — 4 — — omnes — —————— 3 nt ais 2 — we * 
— . 0 — — ; ~ . N — — —— — 
—— — — — el tae el - — ~ — —— — —— 3 — 2 — 2 oe 5 — 4 ‘ — 5 —— 0 
— Wee me 2 i ; 
9 3 = ** r * * N 
> ~ i . 
. 4 4 
41 a 
, : 
re . r 
* 4 5 


22 EVIDENCE FOR DEFENDANTS. 


vegetables. I used the term simply as representing the function 
performed by thin elastic bodies ; the idea of thinness, or rather 
shining in consequence of thinness, being the original idea of the 
word. 

28 Cross-Int. Now, suppose this so-called Holeomb Telephone 
to have been an instrument in which the vibrating fork was attached 
to the wooden diaphragm, to be used as a sounding-board, and in 
which a battery was connected with the electro-magnet through the 
intervention of a rheotome, whereby the vibrating tuning-fork ar- 
mature was made to vibrate in unison with the impulses controlled 
by the rheotome ; would you say that that instrument was sub- 
stantially a telephone such as is described in Bell's patent or 
patents? 


Objected to as immaterial. 


A. The question assumes that the vibrating armature is a tun- 
ing-fork armature. If the armature be so described and consid- 
ered, it will be admitted that the mode of attachment shown in the 
Holeomb Exhibit, is such as must be entirely subversive of the 
functions of a tuning-fork. 

It is not clear to me how the wooden diaphragm used as a sound- 
ing board could function at all in connection with the armature be- 
having as a tuning-fork ; that is, with a definite pitch of its own and 
attached by one extremity as shown. 

If we could make the assumption implied in the question in ac- 
cordance with well known physical laws, the action of the instru- 
ment Holeomb Exhibit would be very much restricted, and not the 
same in all respects with that described in the patent. 

29 Cross-Int. Isn’t the steel bow attached to the diaphragm in 
that exhibit, when considered by itself detached from the apparatus, 
substantially a tuning-fork? 

A. I should rather say substantially a bent magnet, or armature 
for a magnet. My objection to calling it atuning-fork is, that it wants 
one essential, namely, some means of support at or near the central 
portion, so that when held by said means it may vibrate as tuning- 
forks vibrate. The provision for its support being at one extremity, 
even if separated from the apparatus of which it is a part, would to 
my mind conclusively show that it was not intended to behave as a 
tuning-fork in whatever apparatus it might be used asa part; for a 
bent bar of elastie substance when held by one extremity and caused 


to vibrate, does not do so in accordance with the laws governing 
tuning-forks. 

30 Cross-Int. Don’t you know it to be true that an elastic bent 
bow, such as shown in the exhibit, fastened by one end, and plucked 
or struck at the other, will give out a musical tone whose pitch is 
determined by the size, weight, shape and elasticity of the bent 
bow ? 

A. I do. 

31 Cross-Int. And isn’t that the same general law under which 
what you call a tuning-fork produces a musical tone? 

A. It is not, for this reason, that in the tuning-fork, without fur- 
ther specification, the mode of support is implied. In the question 
no mode of support is mentioned, and the mode of 2 de- 
pends as much on that as on the conditions stated. 

32 Cross-Int. Suppose the elastic bow of the exhibit to be fas- ~ 
tened to a solid support by one end, and plucked or struck at the 
other, won't it give out a musical tone whose pitch is constant, just 
as a tuning-fork, when struck at one of its points, will give out a 
musical tone whose pitch is constant, the pitch in both cases being 
determined by the size, shape, weight and elasticity of the two in- 
struments ? 

A. Undoubtedly, if we add in both cases that the striking or 
plucking be constant, with reference to its intensity. I do not mean 
that the intensity shall be the same, but that it shall be constant, in 
order to obtain constant results. 

33 Cross-Int. And in either case, if the bow of the exhibit, or a 
tuning-fork constructed to have the same pitch as the bow, were 


attached to the centre of the sounding-box shown in Telephone 


Exhibit, would not that sounding-box reinforce the sound of the 
vibrator so as to make it louder? | 

A. Supposing the conditions of your question, yes, provided its 
own proper pitch be such that it can reinforce the sound in ques- 
tion ? 

34 Cross-Int. Did you ever see a sounding board, for whatever 
purpose made, such, for instance, as the sounding board of a piano, 
or of a guitar, that wouldn’t reinforce the sound produced by the 
vibrations of a string, at whatever pitch they were tuned or damp- 
ened, and if so, refer me to the piano or guitar whose sounding 
board will not reinforce the sound of any note produced by any 
string of the instrument. 

A. I never saw any such instrument, nor do I believe any such 
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one exists. But the question just asked did not pertain to sound- 
ing boards, but explicitly asked with respect to sounding boxes, 
which having definite pitch of their own are able to reinforce those 
sounds only which are definitely related to them, as for example 
unison, or to a very much less extent octave. 

35 Cross-Int. The question I asked did not refer to resonance 
cases constructed for the purpose of reinforcing particular notes, 
but to the box in the telephone exhibit, in which the diameter is 
three inches and a quarter and the depth one inch and an eighth, 
and I ask whether if such a vibrating bow, as is shown attached to 
that box, were sounded its sound would not be reinforced by the 
circumstance that it was attached to the diaphragm there shown? 

_A. Undoubtedly. 

36 Cross-Int. And isn’t it also true that if the vibrator there 
shown, were compelled to vibrate, at any rate, by reason of the fact 
that the magnet was charged and discharged by means of a rheo- 
tome interposed between the battery and the magnet, that the note, 
whatever it might be, would be reinforced by that sounding box? 

A. No doubt it would. 

37 Cross-Int. You suggested some doubt as to the hypothesis 
which I presented in my cross-interrogatory 28, and particularly 
you seemed unable to perceive how the wooden diaphragm used as 
a sounding-board could function at all in connection with the arma- 
ture attached to it. In view of the last few answers, do you feel 
your mind cleared up any in respect to those doubts, or do you still 
find difficulty in apprehending how that apparatus could operate to 
produce tones of different pitches if the magnet were charged and 
discharged at varying rates by means of a rheotome, operating to 
make and break the circuit variably? 

A. I confess myself still in the same difficulty, namely: I do 
not understand how a tuning-fork armature can be attached by one 
extremity to a vibrating diaphragm or sounding-board, and still sub- 
serve its proper functions as a tuning-fork. I have no difficulty 
whatever, in understanding how the sound resulting from any small 
‘vibrating body is reinforced by being properly attached to a dia- 
phragm or sounding-board, or stretched membrane. In my last 
answers, the hypothesis of such vibrating bodies has been assumed 
as a basis, and thus there is no difficulty. 

38 Cross-Int. Do you mean by all that to say that in your opin- 
ion in an apparatus such as is shown in the sounding-box and 
vibrating bent armature forming a part of the so-called Holcomb 
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telephone, if a six cell battery were applied to the magnet and its 
current were broken by a vibrating rheotome, the instrument would 
not give out a tone from the sounding-box, whose pitch would vary 
in the vibrations of the rheotome, and whose sound would be 
stronger than if the vibrating bow were rigidly attached by ita end 
to a solid post? 

A. By no means. I have had no such idea in mind at all. 

39 Cross-Int. And isn’t it true in your judgment, that under the 
circumstances suggested in the last question, a variety of reinforced 
sounds would be given out from the sounding box varying as the 
vibrations of the rheotome were varied? 

A. If “as the vibrations of the rheotome” refer to frequency, 
Jes. 

40 Cross-Int. That is, the sounding box would deliver a tone of 
higher pitch when the rheotome vibrated more rapidly, and of - 
lower pitch when it vibrated more slowly? 

A. That is what I mean. 

41 Cross-Int. And could not such an arrangement be used to 
transmit intelligible signals whose meaning was wade to depend 


A. No doubt of it. 

42 Cross-Int. And would you say that such an apparatus as that 
contained or exhibited the invention contained in a pair of instru- 
ments coupled together by a wire, now commonly known as the Bell 


magneto telephone? 


Objected to, that it doesn’t appear that there is any instru- 
ment commonly known as Bell's magneto telephone. Ques- 
tion waived for the present in order to supply the foundation, 
whose absence is contained in the objection. 


43 Cross-Int. Are you not perfectly familiar with the fact that 
there now exists in the world an apparatus consisting of a trans- 
phragm, coiled insulated wire, round the ends of the permanent 
magnet, which coil forms part of a circuit, at the other end of which 
is a similar coil with a similar arrangement, the whole constituting 
what is commonly known as Bell’s magneto telephone? 


Objected to, as immaterial. The question being as to in- 
struments patented. 
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A. I am familiar with an apparatus constructed in accordance 
with the principle stated in the question substantially. 

44 Cross-Int. Now, knowing that to be a fact, will you answer 
the forty-second question? 


Objected to for the reasons stated under the two last ques- 
tions. 


A. Because of the functions just admitted, namely, that of be- 
ing able to transmit intelligible signals depending on pitch, I don’t 
see that others are excluded, such as may be performed by the ap- 
paratus described, any more than I see that it would be i 
to transmit intelligible signals depending on pitch by the apparatus 
described, and which is commonly called a telephone. 

45 Cross-Int. The same question repeated. 

A. My last answer is, I believe, responsive. 

46 Cross-Int. Tll try again. Suppose a patent to contain the 
thing which you are familiar with, known as the Bell magneto 
telephone, and to claim that imvention in these words: 
“The method of and apparatus for transmitting vocal or 
other sounds telegraphically as herein described, by causing elec- 
trical undulations similar in form to the vibrations of the air accom- 
panying the said vocal or other sounds, substantially as set forth;” 
would you say that the invention shown in that magneto telephone 
claimed in those words was to be found in the consisting 
of the magnet arrangement, the bent armature, the wooden box, the 
battery, the rheotome and the wire connections heretofore suggested 
and testified about in this examination? 

A. Bearing in mind that in my direct examination respecting 
this apparatus no mention is made of a battery, since from its con- 
struction none is needed, I have no hesitation in saying that in 
principle it is a matter of indifference whether the apparatus exhib- 
ited and that described in Bell’s patent and especially in the claims 
alluded to in a prior answer, or even that described in the question, 
should be used for the transmission of signals as set forth in the 
question. 

47 Cross-Int. That is. you mean to say, that the apparatus de- 
scribed in the last question is substantially the same as that known 
as Bell's Magneto Telephone, in your judgment? 

A. That is not what I have said. I only say, that an apparatus 
described in the interrogatory contains the same parts substantially 


alternately charged and discharged of the effect of the galvanic cur- 
rent? 
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and they operate by the same process substantially as the apparatus 
exhibited. 


48 Cross-Int. And don’t you understand it to be true that two 
machines or combinations which contained the same parts substan- 
stantially the same; if not, inform the Court what constitutes sub- 
stantial identity in your view of the question? 

A. I refer the Court to evidence given, which is made part of 
this case, in which I have endeavored to show that in an apparatus 
known as the Reis-Legat Receiver, substantially the same apparatus 
is represented and produced as that which is now known as the 
Magneto Receiver, shown in the system of multiplex telegraphy of 
A. Graham Bell and represented in figure 7 in specification 174,465. 
By the same principles I should have no hesitation in declaring that 
the apparatus shown, Exhibit Holcomb Telephone, is substantially 
like that in the question. 

49 Cross-Int. Do you mean, when you say the apparatus shown 
in Exhibit Holcomb Telephone, the combination described to you 
in my forty-sixth question or do you mean something else? 


Objected to on the ground that the forty-sixth questtion 
does not purport to describe any exhibit in the case. 


A. The combination described in the forty-sixth question is too 
vague to admit of a definite answer. No mechanism or parts are 


base-board shown in the Exhibit Holcomb Telephone; secondly, 
the wooden box with a bent vibrating armature fixed to it, set upon 
the base-board by means of a brass slide and set-screw having the 
free end of the vibrating armature opposite the pole pieces of the 
magnet; third, a battery with six cells in operative condition, the 
wires of which are to be connected with the spools of the magnet ; 
fourth, a rheotome interposed between the battery and the magnet 
so that by its vibratory action it can open and close the circuit be- 
tween the battery and the magnet; the whole combined so that 
when the rheotome is set in vibration the cores of the spools will be 
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A. I believe I have apprehended the question, and the construc- 
tion and combination set forth therein. 

51 Cross-Int. Do you understand the apparatus known as the 
Bell Magnoto Telephone constructed in either of twp ways, that is, 
either having a permanent magnet or an artificial magnet with a bat- 
tery for the purpose of maintaining a magnetic action on the vibrat- 
ing diaphragm? 

A. I am familiar with, and believe I understand, the Magneto 
Telephone with the permanent magnet having a coil upon its end, 
commonly known as the Bell Telephone. Ido not know that any 
form of so-called Bell Telephone, in which an artificial magnet, un- 
derstanding artificial to mean common electro magnet, is practi- 
cally employed. I understand how such an apparatus could be made 
in accordahce with the question, and how it would operate if made. 
I understand how a battery might be used in such a line as is set 


forth. 
Adjourned till June 6th, 1884, at half-past 10, A. M. 
J. A. W., 


29 Wat. Sreeer, New York, 
Jun 6, 1884, 10:30 A. NM. 


CRORS-EXAMINATION OF Crrvs F. Bracketr RESUMED BY Mr. Die- 
ERSON : 
Present—For Defendants, Mr. Pecxnam. 


53 Croas-Int. Now, that your mind is clear in understanding the 
combination known as the Bell telephone on the one side, and the 


combination of the magnet, sounding box, battery and rheotome on 


the other side, I ask you whether in your judgment the two sets of 
apparatus contain the same parts substantially and operate by the 
same process substantially? 


Objection to so much of the question as says, “ now, that 
your mind is clear,” and to the whole question as imma- 
terial. . 


A. The instrument exhibited and known as the Holcomb Tele- 
phone, as already said, contains like parts, having similar uses, to 


4 


279 
] those which are found in the instrument set forth in the Bell patent 
No. 186,787. 

54 Cross-Int. Won’t you answer the question exactly as it is put 
to you and not try to confuse it by substituting the phrase “ the 
| 3 Holcomb Telephone for the combination of parts specifically de- 
| scribed and about which you are asked the question? 

A. I have endeavored to answer the question so as to avoid con- 
fusion growing out of the expression “known as the Bell Tele- 
phone,” for there are several devices so known. If it be indicated to 
me exactly which one is meant, I will answer explicitly as far as I 
am able to. : 

55 Cross-Int. I will try again. As you have already sworn in 
reply to the fiftieth question, that you apprehended the combination 
consisting of the permanent and electro-magnet fixed upon a base 
board, shown in the Exhibit Holcomb Telephone; the wooden box 
with a bent vibrating armature fixed to it, set upon the base board 
by means of a brass slide and set screw, having the free end of the 
vibrating armature opposite the pole pieces of a magnet; a battery 

‘e with six cells in operative condition, the wires of which are to be 
connected with the spools of the magnet; a rheotome interposed 
between the battery and the magnet; the whole combined so that 

i when the rheotome is set in vibration, the cores of the spools will 

be alternetely charged and discharged of the effect of the galvanic 
current; and as you have already sworn, in answer to the fifty-first 
question, that you understand the magneto telephone constructed 
in either of two ways, that is, either having a permanent magnet or 

an electro-magnet with a battery for the purpose of maintaining a 

magnetic action on the vibrating diaphragm, either of which forms, 

I, for the sake of convenience denominate as Bell's magneto tele- 

phone; and as I assume your answer to be true to those two ques- 

tions; 1 now repeat the question to which I have been endeavoring . 

to obtain an answer for some time without success up to this 
moment, which is this: In your judgment, do these two sets of ap- 

„ß„ͤã ͤðͤ bb 
other specifically described to you in a manner you have sworn you 

understood contain the same parts substantially and operate by the 
same process substantially? 

A. In some respects the same parts are present, in others not ; 
for instance, in the combination described as the Bell Telephone 
with electro-magnet, no battery is mentioned as present; without 
which the apparatus would be wholly inoperative. In the other 
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form of Bell apparatus, with permanent magnet, substantially the 
same parts are present as in the apparatus described and known as 
the Holcomb Telephone Exhibit, except that in the latter case six 
cells of battery are included, as well as a rheotome. I think the 
question assumes that the bent armature vibrates differently from 
the armature in the Bell apparatus. If so, I do not admit that that 
is my understanding of its function. To make myself clear, I will 
say, that I suppose the apparatus in operation as set forth in the 
question will compel the armature, together with its attached plate, 
to vibrate with frequency corresponding to that of the electrotome. 
I make this explanation to save misapprehension merely. 

56 Cross-Int. Will you be good enough to point out to the Court 
that part of my question which you now swear assumes that the 
bent armature vibrates differently from the armature in the Bell 
apparatus, and which assumption you set up in your answer and 
then proceed to testify about, as if you had been asked about it? 

A. The expression “attached b; one end” led me to think, as I 
expressed myself, that I was understood as assuming that the bent 
armature vibrated in itself, as it would do if firmly held by one ex- 
tremity, after the manner of so-called vibrating rods; and thus it 
might be supposed to act differently from a mere piece of iron under 
the induction of the magnet, and I thought it not improper to guard 
against such misapprehension. I had no further purpose. 

57 Cross-Int. Was not my description of it perfectly true, and is 
it not true that the so-called armature in the Exhibit Holcomb Tele- 
phone is shown as firmly held at one end to the centre of the dia- 
phragm ? 

A. It is true of one of the armatures shown in this exhibit. 

58 Cross-Int. By which you mean to suggest, I presume, that 
the Exhibit Holcomb Telephone has got more than one 
Will you be good enough to show the Court where the second one 
is on that exhibit ? 

A. I was under a misapprehension in supposing that the pieces 
of iron or steel similar to that attached to the diaphragm in the 
Exhibit Holcomb Telephone as an armature were armatures to be 
used, when occasion should demand, in lieu of the one attached. I 
did not intend to suggest that the instrument required more than 
one, when in operation. The pieces to which I allude, I see lying 
by the side of the instrument, and supposed them to belong with 
it. 

59 Cross-Int. As you have suggested a question I did not ask, I 
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will now ask it. Is it not true that if the so-called vibrating arma- 
ture attached to the diaphragm in Exhibit Holcomb Telephone 
were plucked or struck, either at its free end or at its attached end 
(in the latter case through the intervention of the wooden dia- 
phragm) it would set up a vibration whose frequency would depend 
upon its size, weight, shape and elasticity? In answering this 
please do not interpolate any other element than those given in the 
question ; such as a magnetic action not asked about. 

A. My answer is, that as the question is asked, no. 

60 Cross-Int. Then you mean to say, do you, that if another so- 
called armature, generally similar in shape to the one on the ex- 
hibit, but differing in size, weight, shape and elasticity, were substi- 
tuted for it, and it were plucked or struck at either end, the number 
of vibrations per second which would result, would be the same as 
if the present armature, differing from the supposed one in the qual- 
ities mentioned, were plucked or struck in the manner mentioned ? 

A. I should be very far from making any such assertion. 

61 Cross-Int. Don’t you know it to be certainly true that the 
number of vibrations per second of the free end of an armature of a 
bow generally similar to the one attached to the Exhibit Holcomb 
| Telephone, if it were plucked or struck at either end, would be 
¥ affected by the size, weight, shape and elasticity of the particular 
bow which might be subjected to that operation ? 

A. In so far as the weight of this supposed bow is concerned, it 
is indeed a most important element in determining the frequency of 
its vibrations. The frequency of vibration of such a bow will de- 
pend, in the actual case before us, more upon the diaphragm to 
which it is attached, than upon the elements mentioned in the ques- 
tion. Supposing the bow to vibrate freely, and not to be under 
compulsion from the diaphragm, the frequency of its vibrations will 
depend upon and be chiefly affected by its dimensions, weight, 
shape and elasticity. 

62 Cross-Int. Isn’t it certainly true that if a bow like this Ex- 
hibit Holcomb Bow No. 1, which is about four times thicker than 
the bow upon the Exhibit Holcomb Telephone, were substituted for 
as it, and were plucked or struck at its attached end through the inter- 
vention of the diaphragm, the resulting vibrations of the free end of 
that bow would be very different in rate from the rate which, under 
a similar impulse, would be developed from the free end of the bow 
| attached to the exhibit ? 
| A. The rate wil] probably be different, but not very different, 
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since the resulting vibration will in either case be chiefly controlled 
by the vibrations of the diaphragm. The elements which must be 
considered in this question may in part be stated thus: In so far as 
the weight, which is about four times greater by hypothesis, is con- 
cerned, it will act as a load upon the diaphragm, and diminish the 
frequency of vibration. In so far as the thickness of the so-called, 
armature exhibited is concerned, it being greater than in the case of 
the one attached, the effect would be, if it were vibrating freely, to 
raise the pitch depending on its free end. From its great thickness 
and consequent rigidity, the resultant action between it and the dia- 
phragm will be practically that the latter together with it will 
vibrate somewhat slower, and chiefly as a whole, than the diaphragm 
could do alone. 

63 Cross-Int. Suppose the Exhibit Holcomb Bow No. 1 to be 
attached to Exhibit Holcomb Box at the centre where the naked 
wood is shown on the diaphragm, isn’t it certain that the vibrating 
bow would weigh many times as much as the wooden gangs to 
which it is attached? 

A. It will certainly weigh a great deal more. 

64 Cross-Int. And is it your opinion that if the fixed end of that 
bow were struck through the intervention of the thin board, the vi- 
bration of the free end of the bow would not substantially control 
the vibration of the diaphragm? 

A. The answer to this question must depend upon the manner 
in which the plucking or striking was accomplished in some degree. 
Undoubtedly, if struck through the intervention of the diaphragm, 
there would be displacement of the entire bow, which will then con- 
tinue to vibrate with the diaphragm under the elasticity of the latter, 
and thus the diaphragm could not be said to be controlled by the 
bow. No doubt some minute vibration may be set up in the bow, 
which may be communicated to the diaphragm, but in my judg- 
ment this will be by far the least important element, and conse- 
quently, if listening to the sounds resultant from such plucking, I 
should expect that by far the loudest effect would proceed from 
the vibrations of the diaphragm itself. 

65 Cross-Int. If the problem were to obtain an effect due to the 
vibration of the diaphragm, is it not perfectly certain that a vibrat- 
ing bow like those in question, mounted upon the diaphragm would 
interfere with and disturb that supposed effect? 

A. If we wished the vibration to be precisely that of the dia- 
phragm alone, undoubtedly ; since, as I have already said, the effect 
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! would be to make the diaphragm vibrate more slowly. I understand, a 
however, the object to be, in the apparatus actually before us, 4 
merely to provide a means of setting up a vibration in the dia- 
phragm when used as a receiver, or to provide a piece of inductive’ 
material which shall change the magnetic moment of the magnet in 
-| its vicinity, constituting a part of the apparatus used as a trans- 
| mitter. Now, as diaphragms are provided in both receiver and 
transmitter, the bows which are attached to the diaphragms in both 
cases are intended, in my opinion, to vibrate chiefly as a whole in 
one case compelled by the diaphragm, and, in the other case, com- 
pelling the diaphragm to vibrate substantially in accord with im- 
pulses delivered so as to affect the transmitter. 
66 Cross-Int. And so far as these bows have a capacity for vi- 
bration in themselves, to that extent they interfere with the accur- 
acy of the operation which you suppose was intended by their con- 
struction. Is not that certainly true? 
A. Itis. I ought to say that the interference would be, in my * 
opinion, very slight. | 
67 Cross-Int. I now return from this digression in the hope of 
getting an answer to a several times repeated question, as yet un- 
answered, and I will endeavor to state it so that you can under- 
7 stand what I mean. 
When I use the expression Bell's Telephone,” I do not mean 
one-half of it, but the whole of it, consisting of a magneto transmit- 
ter and receiver, either with or without a battery, as a permanent 
magnet may be used or not in the apparatus. Now, do you under- 
stand that definition, without in your answer suggesting that it is 
deficient in distinctions or is incomprehensible to you, as put? If 
you say you do not understand it, suggest your difficulty, and I will 
make it clear, even to the extent of putting in the screws and the 
silk winding on the spools, if you require me to do so before you 
will consent to answer the question, which assumes the Bell Magneto 
Telephone, as one of its subjects? 
A. I should like information as to how the so-called Bell Mag- 
neto Telephone with an electro-magnet is designed to be used with- 
out a battery. With that exception I think I understand. 
68 Croes-Int. Assuming your ignorance to be sincere and that 
you really do not understand my question as put, I will now en- 
deavor to explain it. The Bell Magneto Telephone which I refer to, 2 
consists of a pair of instruments, one of which is called a transmit- a 
ter and the other a receiver, but which may be used interchange- .¥ 
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ably, and which are similar to each other. Each of these consists 
of a diaphragm, which may be composed of a membrane with an 
armature attached to it, or it may be composed entirely of thin iron, 
in which case the diaphragm is itself the armature. On one side of 
this diaphragm and armature, or armature-diaphragm, a bar of iron 
or of steel is fixed, presenting one end to the armature or armature- 
‘diaphragm and near to it. This bar may be single or in the shape 
of a horeshoe. 

If it is of steel, it may be permanently magnetic. If of iron, it 
needs to be magnetized by being surrounded by a coiled wire, which 
is generally covered with silk thread, usually green, but the color is 
unimportant. This coil or spool has its two ends connected by wire 
conductors to a similar coil on the corresponding instrument at the 
other end of the line. 

If the core be permanently magnetic, no battery is required. If 
it be of soft iron, then a battery is required, which may consist of 
one or more cells of any of the known forms of batteries, such as 
Daniell’s for instance. This battery is connected in the line wire 
forming part of the circuit. If the core be of steel and permanently 
magnetic, no battery is needed, and the circuit is complete with the 
spools on both instruments, without its use. The different parts 
are attached and maintained in their relative positions by a frame, 
and screws and other means of fastening are used. The diaphragms 
are attracted by either the permanent magnet, when it is one, or by 
the electro-magnet, when it is used. In that condition the instru- 
ment is ready for use. 

When one of the diaphragms is spoken to by a person standing 
near to it, or when any other noise is made in its vicinity, it vibrates 
under the effect of the air waves beating upon it, and in vibrating 
the armature approaches to and recedes from the poles of the mag- 
net; the effect of which is to generate a current of electricity first 
in one direction and then in the other, and so on alternately in the 
coil of wire surrounding the magnet and covered with green or other 
colored silk. This wave of electricity is transmitted over the line 
wire in a manner which I am unable to explain, but which is usually 
assumed to be a transmission, until it reaches the receiver at the re- 
mote end of the line where it flows through the coil at that end, 
thereby effecting the magnetism of the cores. The diaphragm op- 
posite the magnet at that end is caused to vibrate in consequence of 
the change of the magnetism in the magnet produced by the cur- 
rents of electricity aforesaid. Its vibration corresponds, with more 
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or leas accuracy, to the vibration of the diaphragm at the transmit- 
ting end, and by its vibration it sets up an atmospheric vibration or 
air-waves generally similar to those which caused the diaphragm 
at the transmitter to vibrate. These air vibrations are transmitted 
into sound by the apparatus of the human ear, and the listener hears 
a sound similar to that that is uttered at the transmitter. The pro- 
ceas which is carried on is supposed to be this: that the waves of 
electricity transmitted over the line resemble in form the air-waves 
which excited the vibrations of the transmitter diaphragm. This 
apparatus, thus described, in operation I call Bell’s Magneto Tele- 
phone. Do you understand the description or do you need any 
further details in order to make it comprehensible to you? 

A. I have not professed any such ignorance as would seem to be 
implied in the preliminary to this question. I simply called for in- 
formation in accordance with permission granted in the previous 
interrogatory as to how a Bell Magneto Telephone with electro mag- 
nets could be operated without a battery, as I understood the inter- 
rogatory to state. It now appears that this cannot be done, if I 
rightly recollect a statement in the preliminary to this question. 
My difficulty is therefore removed by the withdrawal of the state- 
ment on which it depended. I think I understand the construction 
and action of the telophone. 

69 Cross-Int. Having now fixed the meaning of the phrase Bell's 
Magneto Telephone, as I use it in my questions, I will endeavor to 
fix the other apparatus which I have been asking you to compare 
with the Bell Telephone. This apparatus is not what is known in 
this case as the Exhibit Holcomb Telephone, but it is a combina- 
tion taking in a part of the elements contained in that exhibit, with 
others not in that exhibit which I will endeavor to make clear to 
you if possible for me to do so. 

It consists of the magnet, including the spools, of that exhibit, 
the sounding box with the steel bow attached set up opposite the 
poles of the magnet, as in the exhibit, a battery in circuit with the 
wire winding the spools of the magnet and a rheotome in that cir- 
cuit, so operating as to interrupt the current at variable rates of 
speed, at the will of the operator, and no other operative parts ex- 
cept those I have mentioned. Now, do you need any other expla- 
nation of the combination I am endeavoring to describe in order to 
make it clear to your apprehenssion? 

A. I believe I comprehend the combination indicated perfectly. 
70 Cross-Int. Now I ask you whether in your judgment those 
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two apparatuses, namely, the Bell Magneto Telephone as described 
by me, and the Holcomb apparatus as described by me, considered 
as instruments for transmitting intelligence by electricity, contain 
the same parts substantially and operate by the same process sub- 
stantially ? | 

A. They do not contain the same parts, as already pointed out 
specifically in a former answer, and their modes of operation would 
be correspondingly different. 

71 Cross-Int. I'll try again. Assuming the Holcomb apparatus 
to be well known in the world long before the Bell Magneto Tele- 
phone was produced, would you say to the Court, as your opinion, 
that the process or mode of operation exhibited in the Bell Magneto 

had been already exhibited in the Holcomb apparatus? 

A. In the Holcomb apparatus, as described in the question, the 

of Bell is not shown or set forth. 

72 Cross-Int. When you testified in this case, in your first and 
second answers, did you mean to contradict or take back anything 
that you said in your cross-examination in the case of the People's 
Telephone and Telegraph Company? 

A. I did not. 


Re-pmecr spy Mr. PeckxHam: 


73 Re-direct-Int. Do you find in the Exhibit Holeomb Telephone 
any rheotome, or did you understand the question on the direct- 
examination as referring to or describing an instrument having a 
rheotome or a battery in circuit? 

A. I did not understand in any answer that any rheotome was 
present, or indeed any battery. n 
tome nor battery. 

74 Re-direct-Int. I understood you to testify on your direct- 
examination, that the instrument described by Mr. Dickerson as a 
Bell telephone and the instrument shown in the Exhibit Holcomb 
telephone were substantially the same thing. I now ask you what 
effect in your opinion, the presence of a battery in circuit with the 
wires on spools in the instrument Holcomb telephone would have 
as affecting its substantial similarity with the Bell telephone? 

A. I answer, that generally it would have no effect respecting 
similarity. The specific effect, in either case, will depend on the 
direction of the current sent from the battery through the coils, so 
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as either to conspire with the magnetiam already present, or to 
oppose it. 

75 Re-direct-Int. In your opinion, would the instrument Exhibit 
Holcomb telephone operate better or otherwise, if there were at- 
tached to the wooden diaphragm a bent bow like the Exhibit Hol- 
comb Bow No. 1, instead of the bow that is actually attached in 
Exhibit Holcomb 
A. It would no doubt operate better. 

76 Re-direct-Int. Why? 
A. For two reasons, chiefly: First, from the greater mass of 


inductive material in said bent bow, the variations in the magnetic 


moment of the magnet caused by its vibration, when used asa 
iter, will ö Atlona in the electri Jition of 
the line wire which joins it to the receiver. Second, its greater 
rigidity will cause the diaphragm of the receiving instrument, which 
I assume to be like the one shown in the exhibit, to more faithfully 
copy the vibrations of the tranamitter. 

C. F. Bracserr. 


Subseribed and sworn to this 
sch day of June, 1884, be- 
fore me, 

J. A. WEICH, 


29 Wait. Sr, New Ton, 
June 6, 1884, 10.30 A. M. 


DImEcT EXAMINATION OF WIA F. Cn ma RESUMED BY Mr. Prox 
HAM: 

29 Int. Have you examined and do you understand the construc- 
tion and mode of operation of the instrument known as Exhibit 
Holcomb Telephone now shown you, assuming the same to be one 
of a pair of similar instruments connected by a line wire and used 
respectively for the transmission and reception of audible sounds by 


A. I have examined and understand the construction and mode 
of operation of Exhibit Holcomb Telephone now shown me. | 

30 Int. Please contrast Exhibit Holeomb Telephone with the in- 
strument described in the patent to Mr. Bell, No. 174,465, particu- 
larly in the fifth claim of said patent, and as shown in Fig. 7 of the 
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drawing, and state whether, in your opinion, the devices and mode 
of operation in the respective instruments are the same or otherwise, 
and in what respect they are alike or different? 

A. The Exhibit Holcomb Telephone consists of a compound per- 
manent magnet with coils upon the ends of the magnet nearest to a 
steel or iron plate placed opposite to the poles. This steel, or iron 
plate or armature is attached to the centre of a wooden diaphragm 
supported in a sounding box partly of wood and partly of tin, ter- 
minating in a speaking tube. 

The instrument shown in figure 7 in the patent to A. Graham 
Bell, No. 174,465, consists of an electro-magnet with an iron arma- 
ture loosely attached by one extremity to one leg of the electro- 
magnet; the other extremity of the armature is attached to the 
centre of a membrane stretched over a supporting tube. In figure 
7 two of these instruments are represented connected by a line wire, 
but the supporting tubes differ, the membrane being stretched in 
one case over the smaller end of a cone, and in the other case over 
the larger end of a cone. The electro-magnets are connected with 
a battery, and with the earth for a return current. With the Exhibit 


Holcomb Telephone connected as described, and with provision for 


the return current through the earth, the general action of these in- 
struments would be the same for the transmission of sounds of the 
same or different pitch. The instrument, figure 7, is not adapted to 
transmit sounds of quality. The Exhibit Holcomb Telephone is 
adapted to transmit articulate speech. 

31 Int (a). Calling your attention to the classification of electric cur- 
rents made by Mr. Bell in the specification for his patent No. 174,- 
465, I ask how you would describe the electric current used in the 
operation of the instrument Exhibit Holcomb Telephone; whether 
as undulatory or intermittent? 

A. Adhering to Mr. Bell’s phraseology, I cannot better describe 
it than in the words of the fifth claim of the said patent; that is to 
say, that the Exhibit Holcomb Telephone acts “ by causing electri- 
cal undulations, similar in form to the vibrations of the air” accom- 
panying the sounds delivered to the transmitting instrument. 

31 Int. Please contrast the Exhibit Holcomb Telephone with the 
instrument described in the patent to Mr. Bell, No. 186,787, particu- 
larly with reference to the fifth, sixth, seventh and eighth claims 
therein, and state whether, in your opinion, the said instruments are 
the same or not in substance? 

A. The instruments described in patent No. 186,787 differ in cer- 
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tain details from the Exhibit Holcomb Telephone. Part of those 
instruments employ electro-magnets; one of them a compound per- 
manent electro-magnet. Part of them employ U magnets, part of 
them straight magnets. The U magnets differ slightly in form from 
the Exhibit Holcomb Telephone. The diaphragms represented are 
of iron or other inductive material. Excepting variations of this 
description, the instruments are identical in construetion and use. 

I will remark that the armature plate of the Exhibit Holcomb 
Telephone is U shaped, but that I do not consider it as materially 
or essentially changing the action of the diaphragm. 

‘Referring to the sixth claim of the said patent, both the Bell and 
the Holcomb apparatus have sounding: boxes. 

Referring to the seventh claim, the conical part of the sounding 
box of Exhibit Holcomb Telephone is drawn into a speaking tube, 
essentially as shown in said patent. Exhibit Holcomb Telephone 
has in combination a permanent magnet with a plate of iron or steel, 
with coils upon the ends of said magnet nearest the plate, which is 
substantially the eighth claim of said patent. 

32 Int. In your opinion, do the differences referred to amount to 
substantial differences, or are they mechanical equivalents? 

A. The Holcomb Exhibit Telephone I consider to be identical 
with the magento form which dispenses with use of the battery in 
said patent, and it is the mechanical equivalent of all other forms 
represented, considering the permanent magnet and the electro 
magnet as equivalents of each other. 

33 Int. I call your attention to Exhibit Specification for Letters 
Patent No. 32,478, dated June 4, 1861, and ask you if you have read 
and understand the thing? 

A. I have read, and believe that I understand the same. 

34 Int. Please contrast the magnet shown in that : 
and accompanying drawing with the magnet described in claims 5 and 
8 of the Bell Patent 186,787, and state whether in your opinion the 
same are substantially alike or unlike, when used in an electric 
speaking telephone? 

A. The electro magnet figured and described in the Holcomb 
Patent No. 32,478, is a permanent magnet with coils upon the ends 
or poles, which in a speaking telephone would be opposed to a 
diaphragm or plate. It is identical in structure and action with the 
magnets described in the fifth and eighth claims of the Bell Patent, 
No. 186,787. 

Adjourned till June 7th, 1884, at 10:30 A. M. 

J. A. W., 
Sp. Exam’r. 


29 Watt Srreer, New I. 
June 7, 1884, 10:30 A. M. 
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EXAMINATION OF Pror. WiLLiAM F. CHANNING RESUMED: 


The witness requests to make the following corrections of the 
minutes of his previous examination, namely: . 


7] 1. In my answer to the fourth interrogatory, immediately after 
“4 having been speaking of Patent 186,787, I used the following lan- \ 
33 guage: “I find no indication whatever in this patent,” &c., whereas 8 
39 I did not in this last expression refer to Patent No. 186,787, but to 4 
another patent, namely, No. 174,465, of which I had been before | 


speaking. | 
2. In the same answer, instead of the language “as the electric 
transmission of speech is claimed by Mr. Bell,” &c., I intended to 
say, “as the electric transmission of speech is claimed in behalf of 
12 Mr. Bell,” &c. 

45 3. My answer to interrogatory No. 10 was given under a misap- 77 
prehension of the limitations of the question. The correct answer al 
a3 is as follows: With the distinctions precisely as stated in the | 
| patent, the undulatory form of current would transmit a larger num- 

* ber of signals simultaneously over a single wire than the pulsatory 8 
form. 


2! 4. In the last sentence but two of my answer to In 
4 No. 21, the patent to which I was then referring, was Patent 188, 
35 787, and not Patent No. 174,465. 
* 5. In the answer to Interrogatory No. 24, the concluding phrase 
* of a sentence in these words, the algebraic product of such cur- 
i: rent multiplied into the time through which it acts,” should have HH 
2 been a resultant representing both the waves and the time through 
which they act.” 

6. In my answer to said 24th interrogatory, the sentence re- 3 


ported as follows, “Telephones have been constructed in which no 
contact whatsoever was permitted between the electrodes of the 
microphone transmitter, the variation of resistance being probably aa 
due entirely to the greater length of spark or are produced by the | 
vibrations of the diaphragm,” should have read, “to the greater 2 
or less length of spark, 4e. 
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Cross-EXaMINED BY Mr. DICKERSON: 


35 Cross-Int. In the elaborate argument which you have spread 
upon this record under the color of an answer to question four, for the 
apparent purpose of convincing the Court that Mr. Bell was not the 
first inventor of the Bell telephone, and in which you assume for 
your premises, not only the matter contained in Bell's Patent 174. 
465, but also his subsequent patent of 1877, and portions of letters 
which you say were written at some time or other on this subject, I 
observe that you lay great stress on certain statements contained in 
Mr. Bell’s Patent No. 186,787, after which you. conclude very 
strongly that figure 7 of his original patent isn’t a telephone, but a 
multiple telegraph. 

Now, as this is simply an argument more or less logical, having 
its force in the correctness of its logic, I propose to examine the 
processes, and I ask you first, do you consider it a logical conclusion, 
from the fact that in his seceond patent Mr. Bell shows a number of 
telephones in the same serien, and points out how they can be used 
instead of a multiple telegraph, that therefore figure 7, in which a 
receiver is shown adapted to be inserted into the ear of the listener, 
and a transmitter is shown adapted to be spoken to by a speaker, is 
not a true telephone, but is in fact a multiple telegraph? 

A. In the preface to this queston, I do not understand the allu- 
sion made to letters which I am represented as saying were written 
at some time or other, and confine my answer to the direct question. 
I do not consider it a logical conclusion from the action of the in- 
struments shown in figure 6, that the instruments shown in figure 7 
should necessarily act in the same way; but from the language in 
the patent and the reference in the subsequent patent No. 186,787, 
to the same figure 7, I think the conclusion is inevitable that the 
instrument figure 7, is described and represented as a multiple 


36 Cross-Int. Are you, or do you claim to be, an expert in logic, 
metaphysics and in the construction of written instruments, as well 
as in electricity, so that the Court should accept your logical and 
metaphysical views with any peculiar deference? 


Objected to as immaterial and incompetent. 
A. Ido not. I am only answering your question as to a logical 


inference or conclusion to be drawn. 


37 Croes-Int. Don’t you agree with Paley, that the finder of a 
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watch constructed upon a certain principle to mark time should 
logically infer that there was an author or designer of that watch, 
and that. his purpose had been to develop the method which the 
instrument showed, or do you think that there ought to be no de- 
sign inferred? 

Objected to as irrelevant 


A. I agree generally with Paley, but there could be a great many 
questions arising as to the character of the watch and as to who the 
creator and designer of it was. 

38 Cross-Int. If, in place of a watch, the thing found should be 
figure 7 of Bell’s patent, and this should be written upon it: When 
a sound is uttered in the cone, the membrane a is set in vibration, 
the armature c is forced to partake of the motion, and thus electri- 
cal undulations are created upon the circuit A, b,¢,f,g. These 
undulations are similar in form to the air vibrations caused by the 
sound ; that is, they are represented graphically by similar curves. 
The undulatory current passing through the electro-magnet F inſlu- 
ences its armature A to copy the motion of the armature c. A 
similar sound to that uttered into A is then heard to proceed from 
L. And suppose it was further written that this “apparatus is for 
transmitting vocal or other sounds telegraphically, * * * by 
causing electrical undulations similar in form to the vibrations of 
the air accompanying the said vocal or other sounds.” And sup- 
Pose the finder to be a competent electrician, though not an expert 
in logic or in the construction of language, and should therefore 
look to a dictionary for some assistance and should find the word 
“utter” to be thus defined, “to speak, to pronounce, to express, or 
to utter words, to utter sounds.” 

Now don’t you think that even a very moderate degree of logical 
faculties would lead a man to the conclusion that whoever made 
that instrument believed that the open cone was to be spoken to, 
and that the listener would hear a “similar sound to that uttered ” 
into the cone, whatever it might be? Now, I ask you to answer 
that question without dragging into it any more of your arguments 
about what you know or don’t know about what anybody else has 
said or done. The question, among other objects, is for the purpose 
of affording the Court an opportunity to estimate the correctness of 
your logical processes, which you have been using for the purpose 
of inducing the Court to believe that Bell was not the inventor of 
the speaking telephone. 
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A. If figure 7 with the i mentioned in the question 
had been picked up on the 7th of March, 1876, by a person conver- 
sant with previous inventions of telegraphy or of multiple teleg- 
raphy, he would have derived the impression that the instrument 
was probably intended to transmit and reproduce certain sounds. 
He would certainly not have inferred that the said inscription was 
intended to announce or contain the announcement in any definite 
patentable form of a discovery so great as that of the electric trans- 
mission of articulate speech. I attach no importance to the use of 
the word “utter.” According to my recollection, Varley or Wheat- 
stone even use the work “speak” as a general description or desig- 
nation of the sounds uttered by undulatory currents used for tele- 
graphic purposes at that date. I recognize the supposed imacrip- 
tion as extracts from Bell’s patent No. 174,465. Preceding these 
extracts I find, in reference to sounds produced by figure five, this 
statement: “The duration of the sound may be used to indicate 
the dot or dash of the Morse alphabet, and thus a telegraphic 
dispatch may be indicated by alternately interrupting and renewing 
the sound; and connecting this statement of the functions of fig- 
ure 6 with those of figure 7, including the inscription contained in 
question, I find no reference whatsoever, to any difference of pur- 
pose of the two, but simply a difference in the agencies by which 
figure 5 and the corresponding instruments in figure 6 may be set in 
action. If the finder of figure 7 should be in possession of the 
patent No. 174,465, he would naturally construc figure 7 in accord- 
_, ance with the language just quoted. 

In speaking just now of a statement preceding certain extracts 
and quoted by me, I said “in reference to sounds produced by figure 
five.” I meant to say figure six. 

As I have already stated in my direct testimony, the expression 
“vocal sounds” had been previously used in multiple telegraphy 
without any reference to articulate sounds. 

39 Cross-Int. But, it isn’t true, is it, that the quotation which 
you made from the patent referred to figure 5 at all, but only to fig- 


ure 6; so that the premise of this last conclusion turns out to be 


unsound? 


Objected to, on the ground that the answer being corrected 


by referring to figure 6, and not to figure 5, there is no state- 
ment that the quotation refers to figure 5. 


A. I have already corrected my mistake of reference to figure 5, 
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instead of figure 6. The separate instruments in figure 5 and figure 
6, are identical, and I see nothing to correct in the bearing or effect 
of my previous answer. 

40 Cross-Int. Now, doctor, it seems to me that you have made 
a departure in logic, when you began to talk about something else, 
instead of answering my question, and I therefore recall it. The 
question is, whether the electrician finding the figure 7, with its in- 
seriptions, ought not to infer logically, as you understand that sci- 
ence, that whoever made that instrument and put that inscription 
upon it, believed and intended that the open ended cone was to be 
spoken to by one person, and that the tapering ended cone was to 
be applied to the ear of another person, and that the listener would 
hear a similar sound to that uttered by the speaker, in whatever 
mode of the human voice the sound was uttered. And if you deny 
this, I ask you to tell the Court exactly what you think would be 
the proper logical inference to be drawn under the circumstances? 

A. Confining myself to the question, I think that the logical in- 
ference that the finder would draw, would depend very much upon 
the fertility of his imagination, and upon his knowledge of the pre- 
vious state of the science or art. I think that the finder would in- 
fer that the open end of the cone A, was to have some sort of a 
sound uttered into it, and that it was intended that the same sound 
should be heard to proceed from the “tapering end” of the cone 
L. 

41 Cross-Int. And suppose that electrician to have been your- 
self, in 1876, knowing as you did, of the antecedent publications in 
this art, such as the Reis publications, and others, wouldn't you 
conclude that the quoted description, supposed to be attached to 
the instrument, namely, “an apparatus for transmitting vocal or 
other sounds telegraphically by causing electrical undulations sim- 
ilar in form to the vibrations of the air accompanying the said vocal 
or other sounds,” was a most complete and sufficient description of 
an operation which, if practicable, would necessarily reproduce 
speech or any other kind of sound made in the transmitter? 

A. In 1876, I did not know the antecedent publications con- 
tained, I believe, exclusively in the German magaszines, encyclo- 
pedias, &c., which describe the electric transmission of speech by 
Reis or other persons. I only knew of Reis’ telephone, as described 
in the English or American publications, as a musical telephone. If 
I had picked up figure 7, with the supposed inscription, I am con- 
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fident that I should not have imagined that it referred to, or was in 
any way connected with, the electric transmiasion of speech. 


justify him in uttering into the cone A the words * good-by, doc- 
tor,” and you should hear them issue from the cone L. Do you 
know of any better set of words for describing the instrument and 
its operation than those used by Mr. Bell, via:: The method of 
“ and apparatus for transmitting vocal and other sounds telegraph- 
“ ically by causing electrical undulations similar in form to the 
“ vibrations of the air accompanying the said vocal or other 
* sounds?” - 


Objected to until some means are found by which to tell 
what a man with one mental organization would do if he had 


another mental organization. 


A. There are so many uncertain elements in that question that 
I do not know that I can answer it. 

43 Cross-Int. Suppose it to be true that figure 7, put into suitable 
material, is a talking telephone, do you know of any better set of 
words for expressing that fact in accurate and scientific language 
than those quoted in the last question? 

A. Supposing figure 7 to be a talking telephone, the words 
quoted might apply to it very well, but by themselves they are quite 
insufficient as a 

44 Cross-Int. Yesterday, when you swore that Exhibit Holcomb 
Telephone was a talking telephone, and when called upon to de- 
acribe its operation, you said, “I cannot better describe it than -in 
the words of the fifth claim of the said patent—that is to say, that 
the Exhibit Holcomb Telephone acts by causing electrical undula- 
tions similar in form to the vibrations of the air accompanying the 
sounds delivered to the transmitting instrument.” Now, do you 
think that Professor Bell made any very great mistake when he 
didn’t think of any better words for describing figure 7 as a talking 
telephone, since you, eight years afterwards, and employed to de- 
feat his patent, cannot think of any better words for deacribing the 
operation of that which you call a talking telephone? 


Objected to on the ground that it assumes that in the 
question to which the answer was made yesterday, being In- 
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terrogatory No. 31, the witness was called upon to describe 
the operation of the Exhibit Holcomb Telephone, whereas in 
fact he was asked how he would describe the electric current 
used in the operation of the Exhibit Holcomb Telephone, 
whether undulatory or intermittent. 


A. Admitting the assumption that Professor Bell had it in his 
mind to describe figure 7 as a talking telephone, I think those words 
descriptive, adhering to his phraseology, of the kind of current act- 
ing in those instruments and in the Exhibit Holcomb Telephone 
referred to in my previous answer; but I do not consider it, in the 
language of the question, as a sufficient description of figure 7 as a 
talking telephone. 

46 Cross-Int. Didn’t you mean to swear that the Exhibit Hol- 
comb Telephone transmits speech by causing electrical undulations 
similar in form to the vibrations of the air accompanying the sounds 
delivered to the transmitting instrument, and that the form of words 
quoted from Bell’s patent was the best form of words thought of by 
you for expressing the operation by which speech can be trans- 
mitted? 

A. Undoubtedly, I meant that the Exhibit Holcomb Telephone 
transmits speech or any other sounds in the manner stated by me 
and quoted in the question, and that that quotation from the fifth 
claim expressed in as good words as occurred ‘to me in response to 
the question which I was answering, the character of the current 
concerned in the action of the Exhibit Holcomb Telephone. 

47 Cross-Int. Isn’t it your true belief, notwithstanding your ar- 
gument to the contrary, that Bell’s discovery as exhibited in that 
patent of 1877, is entirely unique and complete, and probably the 
F A ta aa a ac 
you are acquainted? 

A. It is not. 

48 Cross-Int. I now show you a letter and ask you if it is in your 
handwriting and your signature? 

A. That appears to be my handwriting and my signature, as far 
as I have had an opportunity to look at it. 

49 Cross-Int. That letter is dated January the 16th, 1878, and 
contains this statement: “I repeat what I have often said, that Pro- 
fessor Bell's discovery was unique and complete, the greatest per- 
haps of modern science applied to the arts, and there is no place for 
rivalry, if there was such a thought or desire on the part of those 
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who have helped much or little in its practical Gmbodiment.” Now, 
did any one employ you or pay you anything for writing that letter, 
or was it voluntary and spontaneous on your part and truthful so 
far as you then knew or believed? 


Objected to on the ground that it purports to state the con- 
tents of a letter or part of its contents without the letter hav- 
ing been put in evidence, and that proof of the contents of the 
letter or assumption of its contents are not competent until 
the letter or the part thereof referred to is put in evidence. 


A. I need not say that I was not employed or paid to write the 
letter in question. I have no remembrance of the letter, of the ex- 
tract, or of its context, but it is only one of many similar enthusias- 
tic expressions or tributes to.Mr. Bell made by me at that time 
while supposing that Mr. Bell was really the discoverer of the elec- 
tric transmission of speech. Similar expressions are probably con- 
tained in hasty laboratory letters of mine to Mr. Bell himself. 

In a previous answer I have already alluded to my ignorance at 
the time of the continental publications with regard to Reis’ previous 
discovery of the same thing. 

50 Cross-Int. In the same letter you make this statement, “Pro- 
fessor Pierce, Professor Blake and myself were equally fascinated by 
Professor Bell’s wonderful discovery.” Wasn't that a true statement 
of your state of mind at that time? 


Objected to on the same ground, and additionally that there 
is no evidence that the letter contains any such statement. 


A. Undoubtedly. 

51 Cross-Int. Didn't you and the Professors there named under- 
stand what Bell’s telephone was when you wrote that letter? 

A. Well, sir, we had made a very large number of experimental 
telephones and were presumably thoroughly acquainted with the 
subject, practically considered. 

52 Cross-Int. Didn't you derive your information of the principle 
and mode of operation of this wonderful discovery from Professor 
Bell himself? 

A. I did. 

53 Cross-Int. So far as you knew at that time, did there exist in 
the world any published statement to the effect that the human voice 
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could be in substanceand effect transmitted telegraphically by causing 
electrical undulations similar in form té the vibrations of the air 
accompanying the sounds of the voice made in a transmitter, or do 
you now know, being employed to defeat this patent, and presuma- 
bly having examined this patent for that purpose, of any publication 
before 1876, in which it is stated that the human voice or any other 
kind of sound can be transmitted over a wire by means of an undu- 
latory current whose undulations are similar in form to the air vibra- 
tions caused by the sound whereby a similar sound to that uttered 
in the transmitter will be heard to proceed from the receiver. If so, 
refer the Court to any publication in which any instrument is de- 
scribed as acting on that principle for the transmission of sound? 


Counsel for the defendants asks counsel for the complain- 
ants, as he has left the subject of the letter referred to in the 
preceding interrogatories, to hand the same to the Examiner, 
that it may be marked and inspected by the counsel and wit- 
nesses. 

Counsel for the complainants does not produce the letter. 


A. So far as I know there did not exist at the time any publica- 
tion precisely of the character described in the first clause of the 
question, confining myself exclusively to the question without re- 
gard to any personal imputation contained in it. I know of no pub- 
lication before 1876, containing the precise matter stated in the lat- 
ter part of the question. 

54 Cross-Int. And don’t you also know or believe that the elec- 
trical transmission of speech depends upon the precise mode of op- 
eration stated in that question? 

A. Ido not. It is the merest assumption that no other method 
exists for the transmission of articulate sounds than what is called 
the undulatory current. The vibrations of sound which enter into 
articulation are not undulatory. In their ultimate analysis they are 
to and fro vibrations in a straight line. 

They do not resemble the waves of the ocean nor the undulatory 
curves which for convenience are made to represent the form of sim- 
ple or compound sounds in their relations to time. We have no evi- 
dence whatsoever that any articulate sound cannot be reproduced in 
the telephone by as many separate electrical impulses as there are 
separate sound vibrations, the electrical impulses corresponding pre- 
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cisely in number, intensity and combination with those of sound. 
(Answer suspended). 


Adjourned till June 17, 1884, at 10:30. 
J. A. WELCH, 


29 Wa Sr., New Tonx, 
June 17, 1884, 10:30 A 1. 


Met pursuant to adjournment. 
Present—Mnr. DickErson for complainants. Mn. Pecxnam and 
Mn. Knox for defendants. 


Cross-EXAMINATION OF WILLIAM F. CHANNING RESUMED BY Mr. Dick- 
ERSON : | 


Answer to Cross-Int. 54 continued. 

In saying above that the vibrations of sound that enter into 
articulation are not undulatory, I should have added, in the form 
usually represented by graphic curves. The motion of the air parti- 
cles is a to and fro vibration in a straight line, both when under a 
simple impulse of sound or under several impulses. The effect of 
several vibrations upon an air particle represented by sinusoidal 
curves is shown in Mayer's diagram on 53d page of evidence for 
complainants. The resultant form of vibration is given in the curve 
ed. An analysis of this curve shows that the ultimate effect of these 
several vibrations is not only an arrest but reversal of the motion of 
the air particle several times in the course of a single vibration. 

It is these variations in the velocity or direction of motion of the 
air particle, which, according to the theory of Helmholtz, estab- 
lishes the character or quality of the sound. The diagrams of Prof. 
Blake on pages 54 and 55 of evidence for complainants, which are 
the actual photographic record of the vibration of a telephone dia- 
phragm under the influence of sound, show these same arrests and 
reversals of motion in the diaphragm itself. 

In an article by Prof. E. W. Blake, published in the American 
Journal of Otology,” Vol. 1, April, 1879, describing A Machine for 
Drawing Compound Harmonic Curves,” is given a plate showing a 
variety of curves actually obtained by the instrument. 

As stated by him, the instrument is capable of describing upon 
paper the resultant curve belonging to the chosen relations of 
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period,“ “amplitude” and phase of several simple harmonic 
curves. 

He also states that the relations of these three terms may be 
varied to any extent within practical limits, and with great ease. I 
present, as part of my answer, the plate displaying the curves re- 
ferred to, and the accompanying page of explanations. There is 
still another record of the vibrations of the air, which is the well- 
known record of the phonograph, impressed upon tin foil by a style 
moved by the vibrating diaphragm. 

The characteristic to which I wish to draw attention in all these 
records, is that the effect of compound sounds, such as enter into 
articulation, is to produce a very few abrupt and marked changes in 
the motion of the telephone diaphragm, and of its equivalent in the 
phonograph. I wish also to draw attention to the fact that these 
changes in the motion of the diaphragm, which are the principal 
characteristics of its articulating action, are often or mainly arrests 
or reversals of its motion. An arrest of the motion of the diaphragm 
means an arrest of the current. A reversal of the motion of the dia- 
phragm means an interruption and reversal of the electric current. 

Interpreting thus these graphic records, I have no hesitation in 
saying that the elements of articulation which are actually influen- 
tial on the plate, and which ever actually reach the distant receiv- 
ing end of the line, may consist entirely of makes and breaks of 
different order, duration and force. 

It is not necessary that a current of this character, for purposes 
of ordinary articulation, should present but a few of the principal 
varations in sound, which produce articulation in its utmost perfec- 
tion. This is shown by the microscope in the tin foil record of the 
phonograph, which exhibits but a few principal indentations, and 
yet is able to reproduce articulate speech. The photopraghic rec- 
ord of Prof. Blake, already referred to, of which a reduced copy is 
given in the evidence for the complainants, shows, in the original 
photographs of twice the size of the diagrams on pages 54 and 55 of 
that evidence, but slight variations in form, in addition to those in 
the reproduced diagrams. I speak from a careful study of the orig- 
inal photographs, which have never been touched by hand. 

In the case of magneto transmission, all the variations of form 
in the curves representing articulate sound may be reproduced 
through the induced undulatory current in —— to the vibra- 


tions of the diaphragm. 
In the case of microphone transmission, as I have already stated, 
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the current may be varied by the various methods in which resist- 
ance is varied between electrodes in movable contact with each 
other; but, even in this case, it is a question whether the principal 
elements of articulation are not due to actual momentary interruptions 
of the current occurring in the course of a single vibration of the 


In the case of the loose-contact transmitters, of the character of 
the Exhibit Defendant's Transmitter, where the points of contact or 
interruptions of contact are innumerable, the probability is that all 
of the special elements of articulation above referred to, occurring 
within the limit of each vibration of the diaphragm, are due essen- 
tially to makes and breaks of the current. This is evidenced by the 
electric spark seen between the electrodes or break-pieces of such 
transmitters during articulation. In the course of a conversation 
carried on between two parties through instruments of the character 
of Exhibits Defendants’ Transmitter and Defendants’ Receiver, with 
the usual connections with the switch-board and line-wire, I re- 
moved the plugs from the switch-board, placing one of them upon 
my tongue and holding the other in my hand, causing the current 
to pass through my body. Under these circumstances, a telephone 
in the same circuit being at my ear so that I could carefully observe 
the character and perfection of the articulation, I felt a rapid suc- 
cession of small shocks upon the tongue at every prominent word 
uttered, without any disturbance of articulation. These shocks I 
consider to be due to the arrest or the reversal of the current, 
equivalent to a make and break of the character already referred to. 

I am able to adduce, what I will not call a proof, but an evidence, 
much more direct than this, that articulation may be produced by 
the method of an electric currnet alternately made and broken. An 
instrument has been constructed and is in existence, in which what 
I think must be accepted as undoubted articulation is produced by 
simply making and breaking the electric current. This instrument 
consists of a toothed-wheel rheotome of about thirty-seven inches 
diameter. The wheel is of iron with a brass tire. This tire has a 
large number of minute serrations, on which when in rotation, a 
spring bears. This spring is connected with a single Leclanche cell, 
the other pole of which passes to a large electro-magnetic telephone 
receiver, the return wire of which is connected with the axis of the 
rheotome wheel. The receiver resembles a tambourine of about ten 
inches diameter. The serrations on the tire of the wheel I under- 
stand were planned, as regards their distance and grouping, upon a 
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careful study of a phonograph record. When this wheel was turned 
by hand I heard the word “hello” proceed from the tambourine 
receiver. The sound of the aspirate & and of the e and the o were 
very good. The articulation, as good as I have often heard it in 
telephones, was due simply to makes and breaks of the electric cur- 
rent, so arranged as to effect changes in the pitch and the intensity 
of the sound produced in the receiver. I see no reason why the 
same method should not be applied to reproduce essentially the 
sounds whose forms are represented by the graphic curves of Prof. 
Blake, which I have just put in evidence. 

While I wish to make the statement with great caution that 
telephonic articulation has actually been artificially obtained by the 
simplest make and break apparatus, I yet say that the presumption 
contained in the question, that the undulatory current is the only 
method by which speech can he electrically transmitted, is over- 
thrown. 

Referring to page 47 of evidence for complainants, in the depo- 
sition of Charles R. Cross, I find these words: “ No form of trans- 
“ mitter which operates by making and breaking an electrical 
“ circuit can possibly transmit articulate speech or any other sound 
“in its different characteristics of pitch, intensity and quality, for 
“the reason that the constant control of which I have spoken is 
“not exercised in such an instrument.” This assumption of an 
impossibility is contradicted by my preceding analysis of graphic 
records and by the experiments and observations which I have just 
stated. 

It was a celebrated saying of Arago, which has passed into a 
scientific axiom, that he is a rash man who outside of pure mathe- 
matics pronounces the word “ impossible.” 

Recurring to the rheotome transmitter which I have described, 
I omitted to state that when the wheel was turned slow the pitch of 
the word fell, and as it was turned faster the pitch rose. In de- 
scribing the operation of the Reis instruments I referred to alternate 
makes and breaks of the current at every half vibration as fatal to 
articulation. This adjustment could only have been effective for 
the transmission of music and of melody rather than harmony. I 
do not know that the method of the electrical transmission of speech 
referred to in the question is the only possible way, as I do not be- 
lieve that the electric undulations are ever similar in form in any 
accurate sense to the vibrations of the air accompanying the sounds 
of the voice made in a transmitter. The method of electrical trans- 
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mission is complex and artificial, and for reasons already stated 
differs widely from the air vibrations which originate it. 
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The defendants offer in evidence the two pages referred 
to in the preceding answer in the “American Journal of 
Otology,” Vol. 1, April, 1879, and the same are marked 
“J. A. W., Special Examiner, June 17th, 1884.” 


55 Cross-Int. In whose possession, when and where did you 
first hear the apparatus which you have described as an articulat- 
ing machine perform the feat of speaking by turning a circuit 
breaker, from which feat you deduce the conclusion that the theory 
propounded in Bell’s patent, for the transmission of speech, is over- 
thrown? 3 


Objection to all the question beginning with the words 
from which you deduce.” 


A. I have not deduced the conclusion that Bella theory is over- 
thrown, but simply that the assumption that that is the only 
method by which speech can be electrically transmitted is set 
aside. I first saw the rheotome transmitter at Room 22, No. 187 
Broadway, this morning, in possession of. James W. McDonough, by 
whom, I understand, it was constructed. I first heard of the in- 
strument from Prof. C. F. Brackett several weeks ago. 

56 Cross-Int. Is it true or not, to the best of your knowledge, 
information and belief, that speech is transmitted in the Bell mag- 
neto telephones by causing electrical undulations similar in form to 
the vibrations of the air accompanying the vocal sounds? 

A. It is so far as general similarity is concerned. As I have al- 
ready pointed out in detail, there is a very large divergence between 
the eleetrical undulations and the air vibrations; and these cannot 
well be otherwise. 

57 Cross-Int. And isn't it also true, that in so far as that diver- 
gency exists, to that extent the apparatus fails to tranamit a similar 
sound to that which is uttered into the transmitter? 

A. That depends upon the precision with which the word “ simi- 
lar” is used; whether it means identical, or simply general re- 
semblance. 

58 Cross-Int. Ian't it theoretically true that if the electrical 
undulations could be truly represented by the same curve which 
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would represent the air vibrations, that then the sound heard at the 
receiver would be exactly like that spoken to the transmitter, in 
quality and pitch? 

A. If the curves representing the electrical undulations were 
precisely similar to those of the air vibrations originating them— 
which they never can be—the undulations and the air vibrations 
would be precisely similar in form. 

59 Cross-Int. Question repeated? 


Repetition objected to, because the question is answered. 


A. If the electrical undulations could be exactly represented by 
the same curves which represent the air vibrations, then it would be 
theoretically true that the sound spoken to the transmitter would be 
exactly like the sound heard at the receiver, in quality and pitch, 
so far as the sound heard at the receiver is a simple product of 
the electrical current. 

60 Cross-Int. What other cause than the magnetism generated by 
the electrical current. operates in the magneto-telephone, to pro- 
duce the vibrations of the diaphragm in the receiver, which produce 
the sound heard there, which you had in your mind when you qual- 
ified your last answer? 

A. For one, I thought of the effect of resonance in the mouth- 
piece or ear-piece of the receiver, and induced currents the product 
of the magnetism of both transmitting and receiving magnets, 
reacting upon the receiving diaphragm. 


61 Cross-Int. Isn’t it true that the disturbing elements, what- 


ever they are, result from the imperfection of the apparatus con- 
structed to carry out the theory, and not to any defect in the theory 
itself, which aims at the transmission of speech by causing elec- 
trical undulations similar in form to the vibrations of the air accom- 
panying the vocal sounds to be transmitted? 

A. I should say that it rather resulted from the discordance of 
Prof. Bell's undulatory theory with his apparatus. 

62 Cross-Int. I would rather have you answer the question 
which is in substance whether the defect, if there is any, is due to 
the theory upon which the instrument is constructed, or to the dif- 
ficulty in making an apparatus which will perfectly execute that 
theory. 

A. I think that the apparatus the theory, and that the 
theory was not an accurate statement of the apparatus within the 
limits of difference which I have heretofore expressed. 


* 
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63 Cross-Int. Then you think, do you, that when Mr. Bell con- 
structed his telephone he either had no theory of its mode of oper- 
ation or had some other theory than that propounded in the patent ; 
and if you say you know anything about it, will you inform the 
Court what that other theory was and how you know it? 

A. I refer to the theory contained in Prof. Bell’s first patent, 
which, as I have heretofore stated, does not describe his telephone; 
by which I mean the speaking telephone under the name by which 
it is commonly called. 

64 Cross-Int. You swore just now that Bell’s apparatus preceded 
his theory, and that his theory didn’t truly agree with his apparatus. 
You then say that you referred to the theory contained in the first 
patent. Now, I ask you whether you say the apparatus shown in 
the first patent preceded the theory contained in the first patent; 
and, if so, upon what theory of action for the transmission of sound 
Mr. Bell constructed figure 7, if it were not the theory propounded 
in the patent, which is thus stated: “When a sound is uttered in 
„the cone, the membrane « is set in vibration, the armature c is 
“ forced to partake of the motion, and thus electrical undulations are 
“created upon the circuit E, I, e, J, g. These undulations are 
“ similar in form to the air vibrations caused by the sound ; that is, 
„they are represented graphically by similar curves. The undula- 
* tony coment pening —̃ — 
“ armature A to copy the motion of the armature c. A similar sound 
to that uttered into A is then heard to proceed from L?” 

A. I did not swear just now that Bell’s apparatus preceded his 
theory, but that I thought that it did. In my answer to the 62d and 
63d cross-interrogatories I refer to the undulatory theory of Prof. 
Bell's first patent and to the apparatus described therein, according 
to my understanding of that apparatus, as heretofore stated. I have 


65 Cross-Int. And isn’t it certainly true that the theory of that 
patent, as quoted in the last question, correctly described the opera- 
tion of figure 7, provided it will operate at all when a sound is 
uttered in the cone A? I ask you not to swear that the drawing isn’t 
sufficient, but to assume, for the purposes of your answer, that a 
thing made substantially in accordance with that drawing is in ex- 
istence and will transmit a sound uttered to A? 

A. I should be unwilling to say that the passage quote“! 
describes with perfect correctness the operation of figure 7, as it u- 
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volves the precise question of the correspondence between the 
currents and the air vibrations as heretofore answered. 

- 66 Cross-Int. What did you mean then by swearing that the so- 
called Holcomb telephone “acts by causing electrical undulations 
similar in form to the vibrations of the air accompanying the sounds 
delivered to the transmitting instrument,” if it is not true, as you 
now say, that in the Bell telephone the electric vibrations are not ; 
similar in form to the vibrations of the air, and that such a descrip- ' 
tion is not a correct description of its operation? 
A. In referring to the language of Prof. Bell's patent in my an- | 
swer to the 65th interrogatory, I have applied to it the test of per- ) 
fect correctness used in testing the sufficiency of description in the ) 
patent. While I have stated in great detail the difference between ö 
the electrical current transmitted and the air vibrations, I cannot : 
admit, within the limits to which I have referred, the precise corre- 
= Bell's undulatory theory and the air | 


— requested to contrast Exhibit Holcomb Telephone 
with figure 7 of Bell's patent, and being asked how I would describe 
the electric current used in the operation of the Holcomb instru- ' 
ment, I answered: “ Adhering to Mr. Bell’s phraseology, I cannot 
“ better describe it than in the words of the fifth claim of said 
„patent. One reason why better words than those of the fifth 
claim could not be used in answer to the question was, that they in- 
volved a prominent question of difference or resemblance at issue 
between the two instruments which I was requested to contrast; the 
word “similar,” in its ordinary, not very definite sense, being suffi- 


67 Cross-Int. Since you are able to criticise this description, per- 
haps you will do the Court the favor to express the relation between 
the air waves of sound and the electric current resulting from those 
air waves through the intervention of the magneto telephone, which 
will be free from any possibility of criticism? — 

A. It would be difficult to do so, except by repeating descrip- 
tions and statements of resemblances and differences, and of causes 
of resemblance and difference, which I have already spread upon 
the record; I can repeat the statement, or any portion of it that 
may be desired. 

68 Cross-Int. I will accept your pages of statement, as your idea 
of a correct description of the relation between the sound waves and 
the electric current resulting therefrom, without calling upon you to 
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say it all over again; but I ask you whether you really think that 
when Prof. Bell said a similar sound to that uttered into A is that 
heard from L, he meant to say that the sound should be exactly 
alike in loudness, quality and pitch, and that when he used the ex- 
preasion that “these undulations are similar in form to the air vi- 
brations caused by the sound ; that is, they are represented graph- 
ically by similar curves,” he really meant to say that there was a 
form in an air wave and a form im an electric wave which were 
alike, or that he meant anything more than to say that generally 
similar curves could be made to represent the actual two factors in 
the problem, without intending to say that the two sets of waves 
were precisely identical? 

A. I can only accept what Prof. Bell said as what he meant to 
say. My opinion is, that he supposed there was a much greater re- 
semblance between the electrical undulations and air waves than 

sat : 

69 Cross-Int. He said: “ A similar sound to that uttered into A 
is then heard to proceed from L.” As you understand the English 
language, is that a statement that the sound proceeding from L is 
exactly the same as that uttered into A, im loudness, pitch and 

lity? 


A. Taken by itself, no. 

70 Cross-Int. Isn't that description complied with substantially 
in any ordinary magneto telephone in use? 

A. For certain uses, it is; but the difference between the voice 
heard and the voice spoken into the transmitter is very great, and 
is a matter of skilled as well as common observation. 

71 Cross-Int. And yet isn’t it true that the sound pruceeding 
from the receiver is recognizably similar to the sound uttered into 
the transmitter? 

A. Yes; recognizably similar, though not always recognized. — 7 

72 Cross-Int. Now, will you tell the Court what form of expres- 
sion you would substitute for this corm of expression, which would 
convey the idea better, after having had the experience of years on 
the a 
» A. No better form of expression occurs to me at this moment as 
a general statement, though not precise enough to put in a patent 
or to stand by itself. 

73 Cross-Int. Do you consider yourself an expert in patent law, 
and a judge of the requirements of the law in respect to specifica- 
tions? 
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A. I do not, although I have had more or less experience in pre- 
paring specifications. 
Adjourned till June 18th, 1884, at 10.30 A. M. 

J. A. V., 


29 WaLL Street, New York, 
June 18, 1884, 10.30 A. M. 


Met pursuant to adjournment. 
Present—Same counsel as yesterday. 


CROSS-EXAMINATION OF WM. F. CHANNING RESUMED BY Mr. DIcKER- 
SON. 


74 Cross-Int. When, in 1878, you wrote “I repeat what I have 
often said, that Prof. Bell’s discovery was unique and complete, the 
greatest perhaps of modern science applied to the arts,“ what was 
the “ discovery ” to which you referred in such terms of admiration, 
unless it were the discovery of the mode of operation specified in 
the patent and quoted in my 64th question? 

A. I think it was the discovery simply of the electric transmis- 
sion of speech. 

75 Cross-Int. And it wasn’t the discovery of the mode of 
tion by which speech is transmitted, but only the fact of transmis- 
sion that you were expressing your admiration for, was it? 

A. Without the letter before me, I think it was only the dis- 
covery in general terms which was present to my thought. 

76 Cross-Int. At that time didn’t you understand perfectly Prof. 
Bell's theory of the action of his telephone, or were you ignorant of 
that, knowing only that a telephone existed, without understanding 
its mode of operation? 

A. Supposing that by Prof. Bell's theory is meant the theory 
contained in his first patent, I cannot remember whether I had seen 
Prof. Bell's first patent on the 16th of January, 1878. I became 
acquainted with Prof. Bell’s second patent much earlier. 

77 Cross-Int. At the date of that letter didn’t you perfectly well 
understand that the theory of Bell’s telephone was that the undula- 
tions of the electric current on the wire were so similar to the 
air vibrations that both might be represented by substantially 
similar curves, and that upon the substantial similarity of the two 
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sets of curves depended the accuracy with which the sound uttered 
at the transmitter would be reproduced at the receiver? 
A. In general terms I suppose that I knew at that time that 


that was the theory, though I do not wish to assume any greater 


knowledge than I really possessed. 

78 Cross-Int. Assuming it then to be true, that your letter at that 
time was not intended to express your admiration of the dia- 
covery of that mode of operation, I ask you now, in the year 1684, 
whether you don’t think that the man who discovered that mode of 
operation for the transmission of speech, whoever he may have 
been, made one of the greatest discoveries of modern science 
applied to the arts? And if you deny that, name what other dia- 
coveries in this century you consider superior to it? 

A. The clause of my letter which has been read to me, was 
intended to express my admiration for the discovery of the speaking 
telephone. My opinion now is, in the year 1884, that Philipp Reis, 
the man who discovered that sounds communicated to a diaphragm 
with suitable electrical connections could effect such c in an 
electrical current traversing a line wire that a diaphragm at the 
other extremity of the line responding to the vibrations of an 
electro-magnet should copy the motions of the transmitting 
diaphragm with sufficient accuracy to transmit intelligible speech, 
made one of the greatest discoveries of modern science applied to 
the arts. 

79 Cross-Int. Won you answer the question which I put? It is 
this, in substance: Don’t you think that the discoverer of the method 
of, and apparatus for, transmitting vocal or other sounds 
ally, by causing eleciical undulations similar in form to the vibra- 
tions of the air accompanying the said vocal or other sounds, being 
substantially the magneto-telephone, which for designation I. eall 
Bell's, whether that man was named Reis, or Holcomb, or anybody 
else, made one of the greatest discoveries of modern science applied 
to the arts? 

A. I intended and supposed that my answer to cross-interroga- 
tory 78 was precisely responsive. In general terms, yes. 

80 Cross-Int. Don’t you also know it to be true that neither Philipp 
Reis, nor any other author whose publications on that subject you 
have read, attributes to Philipp Reis the invention of that method 
of operation for transmitting vocal sounds by causing electrical 
undulations similar in form to the vibrations of air ying 
said vocal sounds? And if you deny that, point out to the Court 


310 EVIDENCE FOR DEFENDANTS. 


in any of those publications made before 1876, any statement that 


any other mode of operation was practiced by Philipp Reis than 
that in which the electric circuit was broken and closed at each 
vibration of the diaphragm ? ä 

A. I do not know that no author attributes to Philipp Reis the 
undulatory method of transmitting vocal sounds. I do not know 
that in any publication previous to 1876 the operation of Philipp 
Reis in transmitting speech was or was not stated to be other than 
that of making and breaking the electric current. 

81 Cross-Int. Do you know of any publication before 1876, which 
describes the method of Philipp Reis to be anything else than that 
of making and breaking the electric current of each vibration of the 
diaphragm? If you say you do, produce the publication and point 
out the description ? 

A. I do not know of any such description in terms, but Reis’ 
own description of the operation of his telephone shows, I think 


’ conclusively, that his method of transmitting speech was identical 


with the method of microphone transmission, employing, for 
instance, the Berlinner or Blake transmitter, whether that method 
be undulatory or not. 

82 Cross-Int. Point out to the Court specifically that statement of 
Reis which you in substance swear describes a microphone trans- 
mitter, as distinguished from a circuit breaker, in which the circuit 
is broken at each vibration of the diaphragm ? 

A. I do not recall any such precise statement of Reis in terms, 
but the instrument commonly called the bored-block transmitter, 
figured and described in the article of Reis contained in the Yearly 
Report of the Physical Society of Frankfort, years 1860-1, and the 
instrument known as the cubical-box transmitter, represented and 
described in the article from Pisco’s Acoustic Apparatus, of 1865, 
both show microphones which will talk, as I know by direct experi- 
ment, in accordance with the object and purpose of Reis, reiterated 
in the first of the publications referred to. Also the transmitting 
instrument represented and described in the Reis-Legat article from 
the “Journal of the German-Austrian Telegraph Association” of 
1862. This instrument, though acting by a reversed lever motion, 
as stated in my direct testimony, still acts as a microphone when it 
transmits speech, as in my own experiments with it. This form of 
microphone probably talks through the electric arc formed between 
the electrodes by the electric current produced by the five Bunsen 
cells represented in the figure. This method of talking through the 
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electric arc is not hypothetical, but is used in one or two telephones, 
and I have used it myself with entire success: It bridges over 
what is called the make and break in the metallic circuit of Reis’ or 
other telephones. 
. 83 Cross-Int. In the first article you cited Reis says: At the 
“ first condensation the hammer-like wire d is pushed back; at the 
“ rarefaction it cannot follow the retreating membrane, and the cur- 
rent traversing the strip is broken, until the membrane, forced by 
“a new condensation, again presses the strip (proceeding from ) 
“ against d. In this way each sound wave causes a breaking and 
closing of the circuit.” Do you understand that this description by 
Reis of his mode of operation is the description of what you under- 
stand to be a microphone transmitter, or is it the description of a 
circuit-breaking transmitter ? 

A. I should say of a circuit-breaking transmitter, which by ad- 
justment could be easily shaded off into a microphone transmitter. 

It must be borne in mind, if the object is to reach the truth with 
regard to Reis’ telephone, that he used it for two purposes, one for 
transmitting speech and the other for transmitting music, requiring 
different adjustments. 

84 Cross-Int. Will you be good enough to point out to the 
Court, in that description, where Mr. Reis informs the world that 
his apparatus is to be adjusted in different ways when music and 
speech are to be transmitted ; and how those different adjustments 
are to be made to accommodate it to each requirement ; and where on 
the drawing or elsewhere in the article the adjusting apparatus is 
exhibited, and what it consists of? 

A. I do not know that Mr. Reis specifies any different adjust- 
ment. He left that probably to the scientific men, and others whom 
he addressed, who were accustomed to the use of instruments. 
Those adjustments are to be made by the more or less delicate con- 
tact of the electrodes of the microphones. In the bored-block this 
may be effected by bending back the thin strip of metal or spring 
connected with the screw-cup N. 

In the cubical-box transmitter, in the original Reis form, there is 
no special elastic adjustment, while the tension of the membrane con- 
tinues the same, and the adaptation to music or to articulate speech 
is obtained by bringing the source of sound nearer to or farther 
from the speaking tube S of the instrument. 

In the Reis-Legat transmitter delicate adjustment is provided 
for between the electrodes by the spring G and adjusting-screw H. 
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85 Cross-Int. Didn’t you know when you swore, in answer to the 
seventy-ninth question, that Philipp Reis had shown “that a dia- 
phragm at the other extremity of the line responding to the vibra- 
tions of an electro-magnet, should copy the motions of the trans- 
mitting diaphragm with sufficient accuracy to transmit intelligible 
speech,” that there was no Reis machine shown in any of the pub- 
lications to which you have referred, in which there was a diaphragm 
at the other extremity of the line responding to the vibrations of 
an electro magnet? 

A. I used the word diaphragm inadvertently, in so far as it 
means a circular elastically supported armature. The Reis electro- 
magnetic receiver is, so far as I know, or have ever heard, unless an- 
ticipated by Holcomb, the original type of all the electro-magnetic tel- 
ephone receivers. I refer, in the order of their supposed invention, to 
those of Holcomb, Van der Weyde, Drawbaugh, McDonough, Elisha 
Gray and Bell ; being the instrument which has been commonly called 
the Bell receiver. The Reis-Legat receiver, asa telephonic instrument, 
contains, I believe, the essential elements or equivalents of all of 
these. The circular diaphragm, being an improvement simply, but 
an equivalent in its mode of action to the elastically supported and 


expanded armature of the Reis-Legat receiver. The broad plank, 


which forms at the same time the lever and a part of the armature, 
considered as a vibrating apparatus, is the equivalent, for telephone 
purposes, of the diaphragm, causing the air in its neighborhood to 
vibrate audibly, as is done by the diaphragm. When I spoke of 
the diaphragm at the receiving end of the line, I intended this 
equivalent expanded, elastically supported receiving armature of the 
Reis-Legat electro-magnetic receiver. The vibrating wooden plank 
of the Reis-Legat receiver is vibrated by the iron of the armature, 
just as the wooden diaphragm of the Exhibit Defendants’ Receiver 
is vibrated by the goose-neck extension of the magnet of the Ex- 
hibit Defendants’ Receiver, or in a manner corresponding thereto. 
I make this reference toshow that the vibrating body, or diaphragm, 
may be of wood. 

86 Cross-Int. Then you mean to say, do you, that the Legat re- 
ceiver could be substituted for the so-called Bell receiver in the 
telephone, and produce the same effect ; the one being the equiva- 
lent of the other? 

A. Not quite so conveniently, the circular diaphragm being an 
improvement on the plank of the Reis-Legat machine; but I have 
heard the Reis-Legat receiver talk admirably, and if it were put in 
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a box against the wall, or the sound otherwise enclosed and concen- 
trated, it could be used practically as a substitute for the receivers 
having a circular diaphragm, though not probably quite so good. 

87 Cross-Int. If I understand your eighty-fourth answer, you 
mean to say, in substance, that Reis discovered what is now known 
in substance as the microphone telephone, which he described as a 
circuit breaking apparatus, and that he probably left it to scientific 
men and others whom he addressed, to make the necessary adjust- 
ments and arrangements for converting it into a microphone trans- 
mitter, because such adjustments and arrangements were obvious 
enough to any man of science, and need not be described? 

Now, I find that in the next article from which you quote, pub- 
lished in 1865, as proof that Reis had invented the microphone tel- 
ephone, this is stated about it: The apparatus of Reis is indeed a 
“ telephone, but not a phonic telegraph. The only means of trans- 
“ mitting song and speech, and this only from moderate distances, is 
“ the old and well-known speaking tube. But the experiment of Reis 
“ can always be classed with the most beautiful and interesting of 
„school experiments; and as the means for producing it are sim- 
„ple, the apparatus of Reis will surely soon find its way even into 
“ moderately endowed institutions.” This publication also occu- 
pies about ten pages of the book devoted largely to instructions 
how to use the instrument, and it shows an apparatus of Reis’ con- 
struction to which is attached a telegraph apparatus, so that the 
operators at the two ends may communicate with one another tele- 
graphically. Now, how do you explain it, that when Reis described 
a talking telephone, to be operated microphonically, yet five years 
afterwards such a publication as the one you have quoted to prove 
your theory, should have appeared in Germany as an exhibition of 
Reis’ invention, which repeats his circuit breaking invention ex- 
actly, but does not say anything about the microphonic invention, 
and which informs the world that a speaking tube is the only way 
of transmitting speech to a distance, notwithstanding the Reis 
apparatus which you now swear is described as a talking apparatus. 
And doesn’t it make you somewhat doubt the truth of your state- 
ment, that the Reis publication described a microphone telephone? 


Adjourned till June 20, 1884, at 10:30 A. M. 
: J. A. WELCH, 
Special Examiner. 
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29 Wau Street, New York, 
June 20th, 1884, 10.30 A. M. 


Met pursuant to adjournment. 


Adjourned by consent of counsel till June 24, 1884, at 11 A. M. 
: J. A. WELCH, 
Special Examiner. 


29 Wah Srreet, New York, 
June 24th, 1884, 11 A. M. 


Met pursuant to adjournment. 


Present— Mn. Dickerson, for complainants; Mr. Precknam, for 
defendants. 


CRrO88-EXAMINATION OF Mn. CHANNING, RESUMED BY Mr. DICKERSON : 
87 x-Int. being read to witness: - 


A. My reference to the article from Pisco’s Acoustic Apparatus 
was merely a reference to the figure of the cubical box transmitter 
contained therein. I understand this to be the article referred to 
in the question. The writer of the article apparently had a very 
poor Reis instrument and did not know how to use it. It has no 
value except as an account of somebody’s failure and of somebody's 
conclusions drawn from a failure. A negative result of this kind 
certainly would not influence my opinion of facts positively reported 
by other witnesses, and of the facts of my own observation. 

88 x-Int. Will you be good enough to point out to the Court 
what other witnesses, before 1876, pointed out that Reis had dis- 
covered or constructed or operated a telephone in which a micro- 
phone transmitter, as distinguished from a circuit-breaking trans- 
mitter, was used ? 

A. I do not understand that either Pisco or any other witness 
referred to a microphone, which I suppose is a word of recent intro- 
duction ; but the thing itself, as I have already stated, is the agent 
and method by which the current is varied in all delicate adjust- 
ments of the Reis transmitters. 

89 x-Int. Who before 1876 pointed out how the Reis apparatus 
would operate, otherwise than by making and breaking the circuit 
at each vibration ; or that by delicate adjustment it could be made 
to operate by varying the strength of current without breaking it? 
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A. I do not know that it was specifically so pointed out by any 
one, but it is a necessary inference from Reis’ expressed purpose of 
transmitting the sounds of speech and of his reference to the results 
attained. | : 

90 x-Int. Now explain to the Court why it is a necessary infer- 
ence from Reis’ expressed purpose of transmitting the sounds of 
speech and of his reference to the results obtained that he must 
have invented, constructed and operated a transmitter which varied 
the strength of current without breaking it ? 

A. I consider it a necessary inference, where articulation was at- 
tained to a greater or less extent, that the circuit or current was not 
broken at each vibration, in the sense which has been referred to, 
of an alternate make and break. I used the word “varying” the 
current in the sense of microphone transmission, which, as I have 
stated, from a very careful study, probably includes minute arrests 
and reversals of the current in the course of a single vibration. 

91 x-Int. Then you mean to say, do you, that microphone trans- 
mission, as now understood, in fact means an inter‘uption of the 
current, or as Reis puts it in his article when describing his opera- 
tions : “ The current traversing the strip is broken. * * * In 
this way each sound wave causes a breaking and closing the circuit?” 

A. I do not know how the very complex subject of microphone 
transmission is understood in the sense of general agreement. It is 
a subject still under discussion ; I have already stated in detail my 
reasons for believing that the elements of articulation in microphone 
transmission may be introduced by minute interruptions within the 
limits of a single vibration. This is not the kind of interruption of 
current referred to by Reis in the quotation contained in the ques- 
tion. 

92 x-Int. Does Reis anywhere describe or suggest the kind of in- 
terruption which you think possibly may exist in what is known as 
microphone transmission, as forming any part of the process used 
by him in forming his apparatus? 

A. He does not discuss it all, so far as I know. 

93 x-Int. You have told the Court about an apparatus which you 
say is a circuit-breaker, and which is made to say “hello” by 
turning a crank. Do you wish the Court to infer that therefore 
microphone transmission in done by circuit-breaking? 

A. I should prefer to say that I believe it may be done by cir- 
cuit-breaking, making the distinction between the momentary 
break of the circuit in the course of a single vibration and the mak - 
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ing and breaking of the circuit in alternate vibrations. I think va- 
riations of the current by pressure and other causes producing 
change of resistance at the point of contact of two electrodes may 
produce much, perhaps all, of the effects of articulation. I am in- 
clined to believe that actual articulation by the microphone is due 
mainly to the sudden and violent, changes disclosed in Professor 
Blake's diagrams of the motion of the diaphragm, and in Professor 
Meyer's diagram of the resultant curve of six harmonic sounds. 
Taking the latter as an example, I notice in what would be each 
single vibration of the diaphragm four momentary reversals of mo- 
tion. The effect of these would be so overpowering upon the tele- 
phone that I believe no other variation in the motion of the dia- 
phragm during a single vibration would have any chance to be 
heard. I therefore consider these to be the elements of articula- 
tion contained in the resultant curve c d. These arrests and re- 
versals of motion may, I believe, be produced by the microphone by 
exceedingly small interruptions of current. In the case of magneto 
transmission the same elements of articulation in the motion of the 
diaphragm would produce reversals of current or “ pulsations” and 
not “ undulations,” as defined in patent number 174,465. 

94 x-Int. Then isn’t it true that the magneto transmitter and 
the microphone transmitter operate substantially alike in the effect 
which they produce upon the current; that is, when the vibrations 
of the diaphragm are violent the current is violently affected and 
thereby imitates the action of the air vibrations producing the 
sound ? 

A. Yes, substantially alike in that effect. 

95 x-Int. And isn’t it also true that in the magneto transmitter 
the reversals of the movement of the diaphragm, whether those are 
momentary in the course of a whole vibration or at the end of a 
whole vibration are followed by a reversal of the current on the 
line, and of necessity a stoppage of the current at the instant of 
a reversal, just as the air particles in their pendulous swing stop and 
aa are reversed either momentarily im the course of a single swing or 
a3 at the end of each swing; whether you call that action undulatory 
or by any other name you may choose to invent? N 

A. The resemblance holds in so far as the diaphragm is able to 7 
copy the motions of the air. I think the best observations show 
that the diaphragm never takes up or reproduces the. greater part 
of the small vibrations due to composite sounds. 
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96 x-Int. And does the 2 of the microphone trans- 
mitter differ in this respect from the magneto ? 

A. It does not. 

97 x-Int. Now suppose a rectangular block of carbon about three 
inches square and about an inch thick laid upon another similar 
block, having the faces in contact plane and ground together so as 
to be polished, and suppose a battery current to be passed into one 
of those blocks and out of the other, having a Bell receiver in 
circuit. Now, supposing the blocks laid upon a table, with their 
planes of contact horizontal, and a person with his mouth directly 
above the upper block to speak to it in an ordinary voice, which 
will be heard at the receiver. Would you say that that telephone 
operated by diminishing and increasing the resistance of the circuit 
merely, or that this apparatus did in fact break the circuit by 
minute breaks ? 

A. The mere fact that the contact is of plane or polished 
surfaces does not settle at all the question of what may be called 
electrical contact, and varies it but little or only quantitatively from 
the same question as to the contact of two rough pieces of carbon. 
The multiplication of the points of contact is a chief difference. 
Supposing the voice to be heard, it might take place through any 
of, the causes of variation or interruption referred to. Pressure 
would probably be a prominent one. 

98 x-Int. Then you mean to swear, do you, that in your opinion, 
under the circumstances stated, the block of carbon weighing about 
three-quarters of a pound would probably jump up, when spoken 
to, and break the electric current momentarily ? 

A. We are speaking of motion so exceedingly small that the 
phrase “jump up” might be misleading. The recoil from the 
pressure of each vibiation may be an effectual interruption of the 
current. 

99 x-Int. Do you mean to say that in your opinion, in the 
supposed case the current is broken by the separation of the 
electrodes? I do not ask you what may be true, but whether you 
believe it is true? 

A. In those exceedingly small speces which we ordinarily call 
contact, I mean the space between the opposing surfaces of the 
electrodes, it is very difficult to tell what passes. There is reason 
to believe that an exceedingly thin intervening film of air is a con- 
ductor. There is uncertainty therefore as to what constitutes inter- 
ruption. I have no doubt that parts of the opposing surfaces oj 
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electrodes in process of transmission are undergoing interruption 
and renewal of the circuit, very much as if they were independent 
conductors; and I think that in the great crises of vibration the 
effect of general interruption probably takes place. 

100 x-Int. Won't you answer the question; which is, whether 
you believe that the three-quarter pound of carbon, when spoken 
to under the circumstances mentioned, does in fact separate itself 
from the opposite block, so that the electric current ceases 
to flow? 

A. Supposing speech to take place under those circumstances, 
while I have no positive belief in the matter, I think interruption 
is likely to take place. I think the matter of the weight of the 
block has comparatively little to do with it, the weight being suffi- 
cient to keep the two in contact. 

101 x-Int. That is, in your opinion, when this three-quarters of 
a pound of carbon is spoken to, it will so far separate itself from 
its opposite electrode as that the current cannot flow across the 
gap. Do you really believe that to be true? 

A. If the voice moves this mass of carbon, or the particles of 
which it is composed, the concussion of each vibration, for all that 
I or any one knows to the contrary, may be sufficient to interrupt 
the electric current in the almost infinitessimal spaces which we 
are considering. The whole matter, however, is largely one of 
supposition. . 

102 x-Int. I repeat the question, and I do not ask you for your 
suppositions, and I do not assume that the voice moves the block 
of carbon. I only ask whether you believe it to be true, that when 
that block of carbon is spoken to, it actually separates itself from 
the underlying electrode so far that the electric current will not 
flow through that joint ? 

A. I have no positive ‘nowledge or belief in the matter. 

103 x-Int. Haven’t you a positive belief that the variation in 
question produced by the air waves beating on the carbon 
block are entirely sufficient to account for the variations in the 
_ electric current resulting in the transmission of speech; with- 
out assuming that this three-quarter pound block recoils so far as 
to break the current? 

A. The variation of pressure produced by the air waves may 
include interruption among its effects, and I do not assume 
necessarily that the mass of the three-quarter pound block is lifted 
in a recoil which might break the current. 
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104 x-Int. Won't you answer the question; which is as to your 
belief ? 

A. Yes; with the explanation of pressure, which I have just 
given. 

105 x-Int. Do you mean by that to say that you believe it to 
be true that the variations of pressure are not sufficient to account 
for the transmission of speech under the circumstances mentioned, 
unless those variations include among their effects the actual break- 
ing of the electric current, whether that rupture is occasioned by 
the recoil of the block or by some mysterious and unexplained 
phenomenon? 

A. I do not. 

106 x-Int. Isn’t it desirable in microphone transmitters to so 
construct and adjust them that the electric current will not be 
broken when the diaphragm is spoken to, and are there not various 
patents taken for devices for the avowed purpose of preventing such 
rupture? 

A. It is desirable there should be no makes and breaks occupy- 
ing the space of a single vibration of the diaphragm. Various de- 
vices are used, patented and unpatented, to prevent such breaks. 
This does not apply to the lesser arrests or reversals of motion, 
which, I think, are concerned in the function of articulation. -I will 
add, for the sake of accuracy, that in the class to which the Exhibit 
Defendants’ Transmitter belongs, the microphone action seems to 
consist in innumerable makes and breaks; the aggregate effect of 
which is the abrupt changes represented in the tracings of Professor 
Blake. 

107 Cross-Int. Do you mean to say, for the sake of accuracy or 
otherwise, that microphone transmitters produce the abrupt changes 
represented in tracings of Professor Blake, and that magneto trans- 
mitters do not produce such abrupt changes? 

A. I do not. 

108 x-Int. In the defendants’ transmitter there are sixteen 
independent paths by which the current may flow ; any two of which 
being on opposite sides of the apparatus are sufficient. Is not 
that so? 

A. I think a larger number is better, and I have understood 
that they have gradually increased the number which they have em- 

loyed. 
n 100 Cross-Int. But any two on opposite sides of the centre are 
sufficient for the transmission of speech, are they not? 


A. They are. 
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110 x-Int. And isn’t it certain that the multiplication of these 
paths, standing as they do at varities of angles to the horizon, in- 
creases the probability that they will be one uninterrupted con- 
ductor, and diminishes the probability of a circuit breaking? 

A. Where the contacts are so loose and so exceedingly imper- 
fect, it seems to be an advantage to have as many makes and breaks 
as possible. By increasing the number of pieces there is better con- 
tact when made, and, I think, a probability of more contacts and 
more continuous contact. : 

111 x-Int. But if the object was to make the instrument a 
circuit breaker, that object would be counteracted by increasing the 
number of spokes, would it not? 

A. Yes, if by circuit breaker is meant the making and breaking 
of the circuit at each vibration. 

112 x-Int. And if the object was to make and break the cir- 
uit at any other time than at the end of each vibration, wouldn't 
that object be as certainly counteracted as in the other case, by in- 
creasing the number of spokes and thereby increasing the number 
of independent channels for the flow of the current, so that in 
order to interrupt the flow of the current at all, all of the contacts 
must at the same time be broken? 

A. In my previous answer I did not refernecessarily to breaking 
the circuit at the end of each vibration. As regards minute articu- 
lating interruptions of the current within the limits of a single 
vibration, it will be a matter of experiment to ascertain when the 
precise point was reached of copying by the microphone such inter- 
ruptions of circuit. It might be more accurately accomplished by 
a smaller or larger number of spokes. An increase of the number 
of spokes would, in general terms, increase the continuity of the 
current. 

113 x-Int. Is it à matter of experiment to say whether or 
not an increase of spokes in this apparatus would diminish or in- 
crease the probability that the electric current would be ruptured 
during the transmission, whenever or however that rupture should 
take effect? 

A. An increase of the number of spokes would diminish the 
probability of rupture of the electric circuit. 

114 x-Int. I notice in your account of your experiments 
with the different Reis apparatus you give no account of any ex- 
periment, as far as I see, in which you used any transmitter and re- 
ceiver that are found described as pairs in any of the articles. Did 


. — 


DEPOSITION OF WILLIAM F. CHANNING. 321 


you omit to state any such fact, if it existed, or did you make no 
such trial? 

A. I used one or more Reis transmitters in combination with one 
or more Reis receivers. I took no particular pains in pairing them 
or in specially assorting them. 

115 x-Int. As you have expressed very positively several 
opinions on patent law, during this examination, I should like to 
know whether, as you understand the patent law, you supposed 
when you made those experiments, a patent could be defeated by 
selecting one part of an apparatus found in one publication and 
uniting it with another part of another apparatus found in 
another publication, in order to show that the invention was there- 
by anticipated? 


Objection, that the patent law knowledge of the witness is 
not material. 


A. I do not think that the supposition entered my mind 
at all. 

116 x-Int. I also observe that your Reis cubical box trans- 
mitter had “a scrap of carbon on the contact point,” when you ex- 
perimented with it. Did you think that if you put that scrap of 
carbon on the contact point you were following Reis’ description 
and repeating his experiment; and didn’t you know that you were 
introducing a valuable element into the machine for which you had 
no warrant in the publications, and which you were trying to prove 
to the Court you were making a talking apparatus? 

A. I put a scrap of carbon weighing probably not more than one 


or two grains on the platinum point of one of the Reis transmitters - 


in one or two experiments, for the purpose of showing how little 
was needed to make a perfect speaking telephone of such trans- 
mitter in combination with the Reis-Legat receiver. I did not 
know nor believe that it was described by Reis as part of his tel- 
ephone, but I knew that I was introducing, to that extent, a new 
and valuable element. 

117 x-Int. Why didn’t you try the experiment with Reis’ appa- 
ratus as constructed and operated as described by him in his report 
to the Physical Society at Frankfort, in 1861, and which you 
have testified, in this case, exhibited a successful microphone tel- 

hone? | 
= A. So far as I remember, and so far as I understand the question, 
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I employed the eppensten as described by him, excepting as to the 
talking adjustment which he must have used in obtaining articulate 
speech and which is not referred to in the article in question. 

118 x-Int. The apparatus referred to in that article consists of 
a cubical block of wood, with a diaphragm at one end of the conical 
hole bored through it, and a spiral known as the needle receiver, a 
drawing of which is found in the Reis-Pisco Article. Now, did you 
use that combination without any alteration or changes, and were 

vou enabled to hold up a conversation through it? 

A. I remember experimenting with those instruments as de- 
scribed, I cannot separate the results in my memory from the re- 
sults of other experiments detailed in my direct examination. 

119 x-Int. Was the block transmitter just like the drawing 
in the Reis publication in all respects, or were there some addi- 
tions to it? 

A. It was, to the best of my knowledge. 

120 x-Q. Could you transmit an ‘ntelligent sentence through it? 

A. Without referring to my direct examination, I cannot answer 
whether I did or not. I will add that I consider it the best of the 
Reis transmitters. 

121 x-Int. Do you consider that pair to constitute the best tele- 
phone of all those described in the Reis publications? 

A. I consider the bored block and the Reis-Legat receiver to be 
the best Reis telephone. 

122 x-Int. Where do you find in the publications any statement 
that that combination constitutes a telephone? 

A. I don’t know of any such specific statement. 


Adjourned till June 25th, 1884, at 11 A. M. 
J. A. WELCH, 
Special Examiner. 


29 Wa. Street, New York, 
June 25th, 1884, 11 A. M. 


Parties met pusuant to adjouanment. 
Present—Mnr. Dickerson, for complainants. 
Mr. Pecknaw, for defendants. 


. 123 x-Int. In your direct examination you say that the theory 
of Reis repeatedly stated is the copying by the receiving instrument 
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of the vibrations communicated by the transmitting instrument.” 
Now isn’t it the theory of Reis, repeatedly stated, that the effect 
proposed to be propuced is by making and breaking the electric 
eurrent at each vibration of the transmitting diaphragm? 

A. The theory of Reis to which I refer, is expressed im the fol- 
lowing extracts from the article by Philipp Reis, published in the 
yearly report of the Physical Society at Frankfort-on-Main, 1860-1 : 
“The extraordinary results in the field of telegraphy have probably 
“‘ often raised the question if it might not be possible to transmit 
speech itself to a distance.” * * * Ho indeed could a sin- 
“ gle instrument produce the combined effect of all the organs occu- 
pied in human speech? This was always the cardinal question; 
“ finally I got the notion of putting the question in another way— 
how does our ear appreciate the totality of vibration produced by 
“ the organs of speech, all simultaneously active? Or more gener- 
“ ally—how do we appreciate the vibrations of several simultane- 
“ously sounding bodies?” * * * “What our auditory nerve 
“ perceives, is then, simply the action of a force coming within the 
“ range of consciousness and this force can be represented both as to 
duration and magnitude by a curve, graphically. Let u 4 represent 
“ any given time and the curve above the line condensation (). 
“the curve below the line rarefaction (—), then any ordinate raised 
from the end of any abscissa will represent the degree of conden- 
“sation, at the time represented by its base, in consequence of 
‘“‘ which the drum of the ear vibrates. 

“a b 


our ear can under no circumstances appreciate more than can be 


„represented by the curves, and this indeed is entirely sufficient to 


give us a clear perception of any sound or any combination of 
“ sounds. 

If several sounds are produced at the same time the conduct- 
ing medium is subjected to the influence of several simultaneous 
“ forces, and the two following laws will hold good: If the forces 
net in the same direction, the amplitude is proportional to the sum 
of the forces. If the forces act in opposite directions, the apli- 
“tudes are prodortional to the differences of the opposing forces. 

If, for example, in the case of three sounds, we draw the curve 
of condensation of each separately by a summation of the ordi- 
e nates of corresponding abscissas, we can determine new ordinates 
“ and develop a new curve, which might be called the combination 
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“curve. This represents exactly what our ear perceives of three 
“ simultaneous sounds.” * * * 

„As soon then as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
“ sounds or combinations of sounds, we shall receive the same im- 
“ pression as that sound or combination of sounds would have pro- 
“duced. With the above principles as a foundation, I have suc- 
“ ceeded in constructing an apparatus with which I am enabled to 
‘“‘ reproduce the sounds of vibrating instruments, and even to a cer- 
“ tain extent the human voice.” * * * 

“ Hitherto it has not been possible to reproduce human speech 
“ with a distinctness sufficient for every one. The consonants are, 
“ for the most part, reproduced pretty distinctly, but the vowels as 
yet not in an equal degree.” 

Also the following extract from the Reis-Legat article, published 
in the Journal of the German-Austrian Telegraph Association, v. 9, 
p. 125, 1862 : 

„The apparatus described hereafter offers the possibility of pro- 
“ ducing these vibrations in every manner desired, and by the use 
“of galvanic electricity it is possible-to evoke, at any distance, 
vibrations corresponding to those which have been so produced, 
“and in this way to reproduce at any place the sounds which have 
been generated at another place.” 

After describing the construction and operation of the Reis- 
Legat instruments the report continues : 

“In consequence of this operation, an alternate ä 
“ and magnetization of the electro-magnet of the apparatus, Fig. 4 
“ B is produced, resulting from the condensations and rarefactions 
“ of the air in the tube a h of the apparatus, Fig. 4 A, and thus vi- 
e brations corresponding to the vibrations of the membrane in the 
“ transmitting apparatus are induced in the armature of the magnet. 
“ But the plate 7, attached to the armature, communicates those 
“ corresponding vibrations of the armature to the air surrounding 
“ the apparatus, Fig. 4 B, which accordingly transmits the vibra- 
“ tions so produced to the ear of the listener.” 

It will be seen from the above quotations that the theory of Reis 
as to sound and its electrical transmission is the copying by the 
receiving instrument of the vibrations communicated by the 
transmitting instrument, anticipating substantially the theory of 
sound and its so-called undulatory transmission contained in Let- 
ters Patent No. 174,465 of A. Graham Bell. 
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The quotations I have just made from the article of Reis “On 
Telephony by Means of the Galvanic Current” apply to the whole 
ground of the transmission of speech or of music, by any action of 
which his instruments are susceptible. The quotation from Legat 
follows a statement of the operation of the Reis-Legat instruments, 
which he described as making and breaking the electric current at 
each vibration of the diaphragm. This was a theory of Reis sev- 
eral times stated concerning the operation of his instruments; but 
even if it was a mistaken explanation of his, or intended by him to 
apply to all uses of his instruments, it cannot affect their actual 
operations when transmitting speech. 

124 x-Int. Isn’t there a substantial and radical difference in the 
mode of operation and in the effect produced between two instru- 
ments for the transmission of sound, one of which makes and 
breaks the electric current at each sound wave, and the other of 
which maintains a closed circuit unbroken and transmits sound by 
controlling the electrical current as it flows, so that its undulations, 
or vibrations, or pulsations (by whatever, name you choose to 
describe its action) shall correspond with approximate accuracy to 
the vibrations, or pulsations, or undulations of the air which beats 
upon the diaphragm? 

A. There is an immense difference between such instruments. 
My answer referred to the substantial agreement between Reis and 
Bell as to the theory of sound and its electrical transmission. 

125 x-Int. You have sworn in your 123d answer, as I understand 
it, that Reis in his publications anticipated the so-called undulatory 
transmission contained in Bell’s patent, by describing that mode of 
operation in his printed publications. As this is the first time, to 
my knowledge, that any expert in any of the trials has made that 
assertion, and as it is a fact of great importance, if it be true, I ask’ 
you to point out in those publications a single sentence in which it 
is stated that speech may be transmitted by the mode specified in 
Bell’s patent, whether you use the language of Bell's patent to ex- 
press that mode or whether you adopt the expression that the 
streneth of the current must vary continuously and as nearly as 
may be in simple proportion to the velocity of a projectile of air 
engaged in constituting the sound, which is Sir William Thomson’s 
statement of the operation? 

A. I stated in my answer to the 123d cross-interrogatory that 
the theory of Reis, as shown in preceding extracts, anticipated 
substantially the theory of sound and its undulatory transmission 
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in the Bell patent, and not that Reis anticipated the special 
method used by Bell of electrically copying by the receiving 
instrument the vibrations communicated by the transmitting instru- 
ment. 

126 x-Int. Now, point out to the Court one word in the Reis 
publication suggesting that the electrical impulse was to have any 
other character than that of the electric telegraph, in which the cir- 
cuit was made and broken alternately, or that while the current 
was flowing between the breaks it was to be modified or controlled 
in any way whatever? | 

A. I do not know of any specific statements of that kind. The 
extracts which I have made are full of suggestions that the electric 
current was employed by Reis for copying by the receiving 
i wtrument the sound vibrations communicated by the transmitting 
i strument. 

127 x-Int. Point out any one suggestion out of those of which 
jou say these articles are full, which indicates or suggests that the 
vlectric current, while flowing shall be controlled to correspond with 
the motion of the air waves. I do not ask for any specific statement 
to that effect, but for a hint or suggestion of that kind? 

A. I quote the following statement of Reis from the extracts 
which I have already given. 

Preceding the description of his bored block transmitter, which 
I know by experience to be, when in good condition, a perfect artic- 
ulating transmitter, and in immediate connection with this descrip- 
tion, he says: As soon then as it is possible to produce anywhere 
and in any manner, vibrations whose curves shall be the same as 
those of any sounds or combinations of sounds, we shall receive the 
same impression as that sound or combination of sounds would have 
produced.” ° 

I also quote from the Reis-Legat article already referred to, th 
following: An alternate demagnetization and magnetization of 
the electro-magnet of the” (receiving) apparatus, Fig. 4 B is pro- 
duced resulting from the condensations and rarefactions of the air 
in the tube a ö of” (transmitting) “ apparatus, and thus vibrations 
corresponding to the vibrations of the membrane in the transmit- 
ting apparatus are induced in the armature of the magnet. But 
“ the plate i attached to the armature communicates these corre- 
% sponding vibrations of the armature to the air surrounding the 
apparatus Figure 4 B, which accordingly transmits the vibrations 
go produced to the ear of the listener“ 


* * N * = * 
5 a... : * * 
9 * ni 5 iat a; 


This is the statement of the general principle of the electrical 
transmission of sound, or of the theory of its transmission in the 
Reis telephone, and the best statement of it with which I am 
acquainted. It follows, as I have already taken care to state, 
Legat’s description of a special make and break operation of the 
a 


128 x-Int. And don’t you know it to be true that that best state- 
ment known to you of Reis’ operation by Legat is a perfectly exact 
statement of the mode of operation of an ordinary Morse key and 
sounder, so far as the electrical operation is concerned? That is, 
when the circuit is made and broken at the transmitting end, there 
is an alternate demagnetization and magnetization of the electro- 
magnet of the Legat receiver, which is substantially a Morse 
sounder? 

A. That best statement known to me was not of Reis’ operation 
by Legat, but of the general principle of the electrical transmission 
of sound or of the theory of its transmission in the Reis telephone. 

129 x-Int. Then I repeat the question. Is not that best state- 
ment of the theory of the transmission of sound in the Reis tele- 
phone a rigorously exact statement of the theory of the transmission 
of signals by the Morse telegraph; which is, that the circuit is made 
and broken at the tranrmitting end, and an alternate demagnetiza- 
tion and magnetization of the electro-magnet, in the apparatus, 
Figure 4 B, (which is substantially an ordinary Morse sounder) is 
produced? 

A. It is not. In the first place the receiving apparatus Figure 
4 A, which is the Reis-Legat electro-magnetic receiver, is not sub- 
stantially a Morse sounder, as it carries a plate, so named in 
the above extract, for the purpose of communicating the vibrations 
of the armature to the air surrounding the apparatus. It is nota 
rigorously exact statement of the theory of the transmission of 
signals by the Morse telegraph, as the Morse key has no relation to 
telephonic condensations and rarefactions of the air, which may or 
may not result in making and breaking the circuit. 

130 x-Int. Is it not exactly true, that so far as the electrical 
action is concerned, the Legat receiver is an ordinary Morse sound- 
er,and could be substituted on a telegraph line to perform the work 
of a sounder, without any change whatever in its construction, and 
that the addition of the plate, as it is called, to the armature lever 
of the Morse sounder does not alter its electrical or magnetic action 
at all? 


ee — 


* 


328 EVIDENCE FOR DEFENDANTS. 


A. As far as its electro-magnet and simple armature is concerned, 
it might be used as a sounder, as almost any other electro-magnet 
and armature might. The character of its adjustments would, in 
my opinion, make it exceedingly difficult, if not ordinarily impossi- 
ble, to use it as a sounder. I give this merely as an opinion from a 
momentary examination, without experiment. 

131 x-Int. Isn’t the Morse sounder a combination of an electro- 
magnet, a suspended armature, an adjustable retractile string to 
hold the armature back until the magnetic force attracts it, and a 
stop or stops to limit the vibration of the armature? If the Morse 
sounder has any other parts than those, tell what they are? 

A. A Morse sounder is variously constructed; I should say that 
it generally had two adjustable stops to limit the motion of the 
armature in both directions. Also these stops are so connected 
with resonant metallic supports as to give a sharp report of the to- 


and-fro movement of the armature. All of these may not be essen-. 


tials to the Morse sounder. 
132 x-Int. Won’t you answer the question, which is this: Is not 
the ordinary Morse sounder composed of an electro-magnet (like m 
m in the Legat receiver,) a suspended armature suspended opposite 
the poles of the electro-magnet generally suspended from above, as 
in the Legat receiver, an adjustable retractile spring, generally made 
of a spiral wire, attached at one end to the armature lever, and at 
the other to a thumb screw, by which it may be slackened or tight- 
ened, one or two adjustable stops, similar to the adjustable stop / 
in the Legat receiver, whose function it is to limit the vibration of 
the armature and lever: the whole arranged upon a suitable base- 
board and supports for maintaining the parts in their respective posi- 
tions. Ifyou deny that these are the parts and the arrangements 
of an ordinary Morse sounder, then tell the Court what is super- 
fluous or what is needed in order to truly describe that instrument? 
A. In answer to cross-interrogatory 131, I enumerated parts not 
mentioned therein. In answer to cross-interrogatory 132, I should 
say that these were the parts generally included in the Morse 
sounder. 
133 x-Int. Are any other operative parts essential; if so, name 
them? 
A. I do not think of any others. 
134 x-Int. Has not the Legat receiver that same combination of 
parts, arranged relatively in the same manner with addition thereto 
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of the extension of the armature lever above the pivot of suspen- 
sion? 

A. I should say that it lacked one of the armature stops, which 
I think is essential to give one of the sounds of the sounder, though 
this may be obtained possibly in practice by some equivalent, 
which I do not find in the Reis receiver. The Reis receiver also 
has not, I think, the system of solid metallic supports to which I 
have before referred. 

I should say generally that it had the same combination of parts, 
with these exceptions. 

135 x-Int. Isn’t it necessary in the Legat receiver to have some 
stop to arrest the vibration of the armature towards the magnet? 

A. Nothing more than the spring that is usually provided. 

136 x-Int. And you think, do you, that that thing would operate 
without any stop to limit its vibration towards the magnet? 

A. I have heard it talk exceedingly well with nothing but the 
spring to limit the motion of the armature toward the magnet, as 
represented in “ Fig. 4 B,” already referred to. 

137 x-Int. Was the armature in contact with the magnet at that 
time? 

A. It was not. 

138 x-Int. Was it in contact with the back-stop? 

A. The plate which carries the armature was strongly in contact 
with the back-stop, by the action of the spring. 

139 x-Int. Under those circumstances, the strength of the cur- 
rent wasn’t sufficient to overcome the spring; wasn’t that true? 

A. Certainly. 

140 x-Int. Was that the operation described in the Legat article ; 
and don’t you know that it was not? 


Adjourned till June 27th, 1884, at 11 A. M. 
J. A. WELCH, 
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29 Wu Sri, New Yor, 
June 27, 1884, 11 A. N. ; 


Met pursuant to adjournment. 
Present—Mr. Dickerson, for Complainants, Mr. Pecxnam, for 
Defendants. 


CROSS-EXAMINATION OF Wittiam F. CHANNING CONTINUED By Mr. 
DICKERSON : . 


140 x-Int. Read to witness. 

A. I understand that that arrangement of magnet and armature 
is exactly that described in the Reis-Legat article, which states that 
the motion of the lever i with the armature is regulated by means of 
the screw / and the spring y. All my preceding references from the 
Reis-Legat article are from the Exhibit Translation in the Spencer 
Record. 

141 x-Int. You have sworn that when you tried your experiments 
with the Legat receiver, “the plate which carries the armature was 
strongly in contact with the back-stop by the action of the spring,” 
and that “ under those circumstances the strength of the current was 
not sufficient to overcome the spring.” 

Now, I ask you whether you don’t know that that condition of 
the apparatus when in operation is not the condition of operation 
described in the Legat article? 

A. By the word “overcome” in my answer, I meant that the 
strength of the current was not sufficient to force the armature into 
contact with the magnet aguinst the operation of the spring. Not 
of course that the current was insufficient to vibrate the armature in 
its position opposite the poles of the magnet. The armature in this 
case is the equivalent of the diaphragm in the modern magneto re- 
ceivers, which is elastically held in front of the pole of the magnet, 
free to vibrate, but not subject to sufficient magnetic force to bring 
it into contact with the magnet. 

142 x-Q. You swore that “the plate which carries the armature 
was strongly in contact with the back-stop by the action of the 
spring,” when you tried your experiments. Now was that true or 
not? 

A. It was true. The back-stop is what is called in the quotation 
made by me above, the screw /.” This back-stop, or screw /, bears 
on the elastic armature lever or plate so high up as to allow to the 
armature and plate ample freedom of vibration. 
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143 x-Int. Then, as you understand the operation: described in 
the Legat article, it was not the intention to vibrate the plate at the 
lower end of which the armature is attached around the centre of 
suspension, in the manner of the pendulum, its motion being regu- 
lated by means of the screw / and the spring 4, but it was to screw 
the plate hard up against the stop and not permit it to vibrate in the 
manner of a pendulum. Do you mean to tell the Court that that is 
your understanding of that operation, as described in the article? 

A. The operation of the armature and lever plate, as described 
in the article, seems to me capable of only one construction. The 
lever plate which carries the armature is suspended in the manner 
of a pendulum, and its motion is regulated by a stop, or screw, and 
a spring. It is not free to vibrate like a pendulum, and the theory 
of its vibration involves two solid points of contact and one elastic 
point. The two solid bearings or points of contact are near the cen- 
ter of the elastic lever plate and do not interfere with the vibrations 
corresponding to articulate sounds, any more than the solid circum- 
ferential contact of the diaphragm plate in the modern form of re- 
ceiver. 

144 x-Int. Won’t you answer the question specifically, yes 
or no, without an argument or a comparison with ‘the Bell instru- 
ment, which is this: Do you mean to swear that, in your opinion, 
the operation of the receiver described in the Legat article is, that 
the plate should be strained up against the stop / by the screw and 
spring, so that in operation the plate should not come away from 
the stop in the manner of the pendulum, but should remain strained 
up hard against it? 

A. I cannot answer the question without qualifying some of its 
terms. The only way, in my opinion, in which the stop / can regu- 
late the motion of the lever plate, if it is to act constantly, is by re- 
sisting the action of the spring; and it is, therefore, my opinion that 
the lever plate must be strained against the stop / by means of the 
spring with sufficient force to hold it in position there. 

145 x-Int. I haven't asked you your opinion on the question 
how the stop can regulate the motion of the lever plate in order to 
make the instrument perform what you heard it do with your pres- 
ent knowledge of the subject. The question is a very simple one, 
and I ask an answer, yes or no. Does that article instruct the user 
of the apparatus that the plate and armature are not to swing to- 
and-fro with a motion limited by the stop in one direction, but tha’ 
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he is to strain up the plate against the stop so that it cannot move 
away from it when in use, and use it in that condition? 

A. The question as asked seems to me a very complicated one, 
and insusceptible of an answer, ves or no. 

The instruction given to the user of the apparatus by the de- 
scription and accompanying figure is, that the lower part of the 
plate and armature are to swing to and fro with a motion limited by 
the stop, and that the user is to draw up the plate against the stop, 
so that it will not move away from it when in use. This I believe 
to be a correct statement. 

146 x-Int. Point out to the Court where that instruction in given, 
and quote the language that gives it? 

A. I think it is shown in the Fig. B, to which I have referred, 
and also in the words which I have already quoted, namely, that 
the motion of the lever with the armature is “regulated by means 
of the screw / and the spring 7.” 

The whole quotation is this: The lever ¢ with the armature is 
suspended from the standard 4 in the manner of a pendulum, its 
motion being regulated by means of thescrew / and the spring . 
The figure and those words together seem to me to leave no doubt 
of the method of operation. 

147 x-Int. In the apparatus which you made and in which 
the armature I was strained up against the stop, about how far was 
the armature set from the face of the magnet? 


A. I cannot remember with any accuracy. I should say it was 


as near to the magnet as it could conveniently be without being 
drawn in contact with it by the magnetic force. Probably the ar- 
mature was nearer to the one pole than to the other. 

148 x-Int. Did the armature touch one pole? 

A. It did not, unless accidentally. 

149 x-Int. Was the armature as much as a sixteenth of an 
inch from one of the poles in its normal condition? 

A. I should think so. 

150 x-Int. Was it an eighth of an inch from it when ad- 
justed for work? 

A. I should think not, generally. 

151 x-Int. In the drawing the retractile spring, as I measure 
it, is represented as one inch long, the drawing being one-third of 
natural size, which please verify and say whether I am correct. If 
not, give the true length of that spring, the drawing representing a 
scale of one-third? 
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A. It is about one inch in length ; possibly an inch and one six- 
teenth. 

152 x-Int. Now, will you be good enough to tell the Court 
howa spiral spring is to be constructed more than an inch long to hold 
back an armature less than an eighth of an inch from the face of the 
magnet, which would permit that magnet to draw the armature a 
part of the way towards the face of the magnet and then arrest it; 
and where, in that article, you get the instructions to make such a 
spring? I ask this question in view of the law, that the magnetic 
force increases as the squares of the distance between the armature 
and the magnet diminish, and that any movement of the armature, 
however slight, will enormously increase the attractive force. When 
you answer this question, tell the Court whether, in the electric art, 
you know of any apparatus in use in 1862 in which any such ad- 
justment of a spring an inch long controlling an armature less than 
an eighth of an inch from the magnet is made, and what that instru- 
ment was? 4 

A. A spiral spring for such a purpose would be made more or 
less stiff, according to the magnetic force which it would have to re- 
sist, and according to the extent of the vibration required of the ar- 
mature. In this case, the spring is necessarily very rigid. The 


degree of rigidity of a spring, in the case of a figure representing an 


electro-magnetic apparatus, so far as I know, is always inferred from 
the drawing and the description of the general operation of the ap- 
paratus. I do not remember ever to have seen instructions relative 
to the precise character of such a spring beyond such information. 
There are no instructions in this article to make such a spring. I 
do not remember the particular length of any springs in any appar- 
atus in 1862. The vibrations of the armature im this case are ex- 
ceedingly minute in comparison with the distance between the ar- 


mature and the poles of the magnet. 


153 x-Int. Now, don’t you believe it to be true, that, in an ap- 
paratus such as shown on that drawing, with a spiral spring more 
than an inch long, and the movement of the armature less than an 
eighth of an inch, if the attractive force were sufficient to elongate 
the spring and bring the armature nearer to the magnet in the first 
instance, it would be stong enough, by reason of its enormous in- 
crease, to carry the armature to the face of the magnet? 

A. Not necessarily. As answered before, those vibrations are 
excessively minute compared with the distance between the arma- 
ture and the poles of the magnet; so that the increase of force, 
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within the limits of a vibration, is not so very great; and also the 
attraction between the armature and the magnet is not continuous, 
but intermittent, allowing the spring to counteract the momentary 
force of the magnet. Practically, I know that under such circum- 
stances, and with an instrument so constructed and adjusted, the 
armature vibrates freely under the influence of the magnet to and 
fro, without being drawn into contact with it. 

154 x-Int. As I read your direct examination, you did not use 
the entire apparatus described in the Legat Article, but only the 
receiver in connection with some other sort of transmitter. Now, 
did you use five cells of battery on that receiver, as shown in the 
drawing, to charge the electro-magnet? Or did you use a weaker 
battery power? 

A. I do not see in the record of the experiments in my direct 
examination a statement of the number of cells employed. In the 
course of the experiments we used different numbers, sometimes 
five, sometimes less, and I think sometimes more. 

155 x-Int. But, in any case, when you were not talking to the 
transmitter, the full power of the battery was upon the electro-mag- 
net; was it not? The current flowing and the magnet being satu- 
rated? 

A. The circuit at such time was complete, the electrodes being 
in contact. i 

156 x-Int. Under those circumstances, the element of the minute 
duration of the current not existing, wasn’t the spring strained up 
so hard that the armature could not go to the magnet? 

A. It was. 

157 x-Int. Under those circumstances, did the magnet draw the 
armature a part of the way from its normal position, and not all the 
way, the spring preventing, and there being no limited time; which 
was one of the reasons you gave in your former answer why the 
magnet did not overcome the spring? 

A. It undoubtedly did ; the intermitted attraction, in the case of 
vibration, being only one reason why the armature should not be 
drawn into contact with the magnet. 

158 x-Int. Then, isn’t it certain that the proportions of that 
spring must have been very different from those shown in the draw- 
ing, and that such a spring as was there used was made on purpose 
to produce that sort of effect? 

A. I see no reason why the proportions of the spring should be 
at all different from those shown in the figure, and do not under- 
stand it to have been so, unless accidentally. 
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159 x-Int. If the aa mature moved to and fro, did you ascertain 
how much? 

A. My only means of ascertaining was by comparing the vibra- 
tion by the sense of touch, with that of the ferrotype diaphragm in 
the ordinary receivers, the extreme excursion of which I believe is 
stated by Prof. E. W. Blake at five one-thousandths of an inch. I 
do not think the vibration of the armature in the Reis-Legat re- 
ceiver exceeds that of the ferrotype diaphragm. 

160 x-Int. Was its motion visible at all? 

A. I do not think I ever saw it move, except when it flew up to 
the magnet under just the same circumstances that the ferrotype 
diaphragm flies up to its magnet; that is, when the instrument is 
out of adjustment. 

161 x-Int. But you think, do you, that when the author of the 
article wrote that “The lever i with the armature, is suspended from 
the standard / in the manner of a pendulun, its motion being regu- 
lated by means of the screw / and spring 9, he meant to inform the 
world that the center of suspension, in the manner of a pendulum, 
was to be used as a straining point for a lateral thrust, and that the 
motion of this armature, suspended in the manner of a pendulum, 
was to be an invisible movement, and that the screw / was not for 
the purpose of stopping the swing of the pendulum in one direc- 
tion, but was to be a straining point only, over which the armature 
lever was to be strained so that the magnet could not overcome the 
power of the spring and make the armature lever swing away from 
the stop in the manner of a pendulum? | 

A. Idoubt if he had any such meaning. I think he meant 

that the armature was suspended in the manner of a pendu- 
lum, but that he did not mean that it swung as a pendulum, its mo- 
tion being regulated by means of a stop and of a spring strong 
enough to prevent any but excessively minute vibrations. 

162 x-Int. If those ideas which you have expressed as the in- 
tention of the writer of this article are not contained in the two 
and a half lines which I have quoted, are they contained anywhere 
else? If so, point them out? 

A. I think those ideas which I have expressed are the obvious 
meaning of the two and a half lines referred to in the question, 
taken in connection with the figure B, to which they directly apply, 
and in connection also with this quotation: “Thus vibrations cor- 


“ responding to the vibrations of the membrane in the transmitting 
“ apparatus are induced in the armature of the magnet.” . 
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163 x-Int. Will you show the Court what there is in the draw- 
ing to suggest to any one that the armature and its lever are not to 
vibrate to and fro in the manner of a pendulum, swinging upon the 
fine black line representing the support at each make and break of 
the circuit, the magnet pulling the armature in one direction and 
the spring in the opposite direction when the circuit is broken, but 
that that fine black line represents a fixed point against which the 
lever is to be strained sidewise, and the stop / represents straining 
point against which the lever is to be constantly strained, and not 


an adjustable stop to arrest the backward swing of the armature 


when the magnet is discharged. Point out the peculiarities which 
an electrician would see in that drawing to indicate that that arma- 
ture is not a swinging armature as it is in relays and sounders gen- 
erally? 

A. The drawing itself, figure B, without any description or state- 
ment of its operation, might not give to an electrician any defigite 
idea of the way in which it was to be used; but an electrician, having 
the description before him; and the statement of the effects to be 
produced, even if limited to the quotations already made, would see 
that if the stop / was intended to limit the free swing of the arma- 
ture, it would have been placed near the armature end of the lever 
and not near the axis of suspension, allowing a sufficient length of 
the elastic lever plate to vibrate beneath it, in correspondence to 
the vibration of the membrane im the transmitting apparatus. 

164 x-Int. Then you mean to swear, do you, that that drawing by 
itself would not suggest to an electrician a definite idea that the 
armature was a swinging armature in the manner of a pendulum, 
and that when the stop usual in such instruments is nearer to the 
suspension axis than to the armature, in the ratio of seven to eleven; 
which is the case in that drawing; an electrician would infer that a 
swinging armature was not intended in that instrument? 

A. My answer was, that the drawing itself, taken alone, might not 
give to an electrician any definite idea of the way in which it was 
to be used. I did not say that it would not. I think the inference 
which I have stated in a previous answer, would be made by an 
electrician under the conditions stated. 

165 x-Int. Wont you answer this question: Suppose that draw- 
ing were to be shown to you, as an electrician, without any farther 
instructions as to its objects or uses, wouldn't you infer that that 
was a swinging armature in the manner of · a pendulum? And if 
yougdeny that, point out to the Court what peculiarity of that 
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drawing would lead you to believe that the armature was not to be 
visibly moved, but was to be strained up to the stop? 

A. If I should have seen this drawing before the time of the 
telephone I should have been puzzled by the broad lever plate, by 
the sounding box under it, and by the position of the stop / I 
think after the time of the telephone that I should have got some 
idea of its use, in the manner which I have stated, though I am not 
certain that I should have done so. 2 

166 x-Int. Before 1876, if you had seen that drawing, wouldn't 
you have inferred that the armature was a swinging one, after the 
manner of a pendulum and of the relays in common use at that 
time? 

A. Possibly, I should. 

167 x-Int. Don’t you believe you would? 

A. I think it probable that I might; but I do not think it 
certain. 

168 x-Int. Considered as an instrument in which the circuit is 
to be made and broken at each air-wave, and with the effect of 
transmitting pitch, and not intensity as that word is used in the art, 
is not that receiver with a swinging armature after the manner of a 
pendulum an entirely effective instrument? 

A. Before answering this question I would like to qualify my 
answer to the two previous questions. Before 1876, I am confident, 
on further reflection, that I should have inferred that the instrument 
shown in the drawing had an armature motion similar to the relays 
then in use. 

In answer to cross-interrogatory 168 I should say yes, for com- 
mon telegraphic purposes, but not for the purposes and uses de- 
scribed in the Reis-Legat article. 


Adjourned till July 1, 1884, at 11 A. ML 
J. A. Vun, 


29 Wa. Sn, New Tons, 
Jour 1, 1884, 11 A. K. 


Adjourned, by consent of counsel, till July 2, 1884, 11 A. M. 
J. A. Num, 
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29 WAI. Srreet, New York, 
Jol x 2, 1884, 11 A. M. 


Met pursuant to adjournment. 
Present — Mn. DickErson, for complainants: Mr. Pecxnam, for 
defendants. 


CROSS-EXAMINATION OF Mr. CHANNING RESUMED BY Mr. Dickerson. 


168 x-Int. The witness further answers this question as follows: 

A. The instrument will be effective in the sense of being opera- 
tive, but not necessarily in the sense of being usefully operative. 

169 x-Int. Wouldn't it be operative to reproduce the exact num- 
ber of the original vibrations of the air-waves which at each con- 
densation opened the circuit aud at each rarefaction closed it? 

A. It might do that, but ‘it could not produce the effects described 
in the following extract from the article, namely: In consequence 
of the imperfection of the appara:us at this time, the minor differ- 
t ences of the original vibration are distinguishable with more diffi- 
——— — less indistinct,— 

“ inasmuch as each sound depends not merely upon the number of 
‘“‘ vibrations of the medium, but also upon its condensation and 
“ rarefaction. This also explains why chords and melodies were 
“ transmitted with marvelous accuracy in the practical experiments 
“ hitherto made, while single words in reading, speaking, etc., were 
“ less distinctly recognizable, although even in these the inflections 
“ of the voice, as in interrogation, exclamation, surprise, calling, etc., 
“ were clearly reproduced.” 

170 K- Int. Won't you answer the question; which is, whether it 
would not produce those effects? 

A. I think it would depend entirely on the rapidity of the 
original vibration of the air-waves. While acting as a single arma- 
ture, it could reproduce tones, of a low pitch, but not musical 
sounds of a high pitch, or articulate sounds. 

171 x-Int. Fix the number of vibrations at which it would not 
operate, as you understand it? 

A. It would be the merest guess-work, how an instrument, which 
seems to me to be clearly made for the transmission of delicate and 
rapid vibrations, can be made to work in a manner for which it i 
not i adapted. 

172 x-Int, It is not the merest guess-work, however, is it, that if 


" 
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that instrument operated in the manner of a pendulum, it certainly 
would not transmit intens ity? 

A. I do not know why it should not. 

173 x-Int. Then, if it would transmit intensity, as well as pitch, 
when operating as a pendulum, it would be capable of transmitting 
articulate speech, would it not? 

A. Not unless it were capable of sufficiently rapid vibration. 
From my analysis of resultant harmonic curves, and from my ob- 
servation of Mr. McDonough’s rheotome transmitter, I believe that 
articulate speech may be transmitted by sounds varying simply in 
pitch and intensity. I do not intend to exclude other methods of 

174 x-Int. But, in order to transmit articulate speech, the in- 
strument must be capable of transmitting intensity; must it not? 
Or, do you think that articulate speech can be transmitted by pitch 
alone? 

A. I think that articulate speech requires at least pitch and in- 
tensity. In McDonough’s rheotome transmitter, I think, the effect 
of varying intensity is obtained by varying the length of the make 
and break of the circuit wheel, producing greater or less intensity 
of magnetism. It is only in this sense, which makes pitch really 
include intensity, that I should say that articulate sound could be 
produced by pitch. I would note, however, this exception: Helm- 
holtz makes the vowel sound of the German u, or English oo, to 
consist of a single pure tone of pitch, b flat, I believe. 

175 x-Int. But you wouldn't call an instrument that would sound 
b flat a talking machine, would you? 

A. Not exactly; but Helmholtz offers the tuning fork, which 
produces that tone, as his apparatus for reproducing that vowel 
sound. . 

176 x-Int. And you wouldn't call a circuit breaker that can be 
made to say “hello,” or a doll that when squeezed will say “ papa,” 
a talking machine, would you, any more than you would call a 
tuning fork a talking machine because it could pronounce a vowel? 

A. I think I should, but I shouldn't confound under the same 
designation an electric rheotome transmitter with the talking doll. 

177 x-Int. If this Reis transmitter was constructed to operate 
with a strained-up armature, as you have sworn, it would produce 
its effect, at whatever angle it happened to stand, wouldn't it, there 
being no pendulum to take care of in the operation; just as the 
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Bell receiver with a constrained armature sounds equally well, at 
whatever angle it stands? 

A. Regarded as an acoustic apparatus, with a vertical support 
resting on the sounding box, and with a long, broad, light lever, 
more or less influenced by gravity, I think it would operate best in 
its normal position, but that it would operate fairly well im any 
other position. 

178 x-Int. What has the long broad lever to do with the opera- 
tion at all, when the armature is constrained so that it cannot yield 
to the attraction of the magnet visibly, and the invisible vibration 
is below the stop /? 

A. The vibration extends through the whole of the armature 
lever. It has two points of rigid support at the centre, with both 
ends free to vibrate ; simply reversing the conditions of the dia- 
phragm in the modern telephone, which is held either by two rigid 
points of attachment at the periphery, as in the patent of A. Graham 
Bell of January, 1877, or is held 1 gidly throughout the whole ex- 
tent of the periphery, allowing the centre to vibrate. 

179 x-Int. But wouldn't it operate just as well, whether that vi- 
brator were exactly perpendicular or slightly inclined? 

A. I do not know, but I should judge not quite as well. 

180 x-Int. Explain the position which that armature should be 
screwed up to in order to work properly and why there is any such 
position required, when the whole thing is to be strained up so that 
it cannot move visibly? 

A. I had reference chiefly to the vertical position of the support 
in reference to the sounding-board. With that exception, I think, 
it would operate equally well in any position, supposing the weight 
of the lever plate and armature above and below the two points of 
central support to be equal. 

181 x-Int. Explain to the Court why the support should have to 
be exactly perpendicular, in order that the sounding board might 
work to the best advantage, if you know any such reason as that? 

A. If it was tipped to one side it would strain unequally the thin 
cover of the sounding box and thereby impair its action. 

182 x-Int. And you think, do you, that the levelmg screws, with 
which that apparatus is provided for adjusting the perpendicular, 
were put there to prevent the thin top of the sounding box being 
strained by the apparatus being out of perpendicular, and not for 
the purpose of meeting the requirements of. an armature mounted 
after the manner of a pendulum and delicately adjusted? 
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A. I think they were put there for the purpose of support with 
some reference to horizontal position, as is very commonly the case 
with electro-magnetic apparatus requiring no precise adjustment of 
level. Although in the description the armature lever is ordered to 
be made as long as possible, I see in figure B that the lower part of 
the lever carrying the armature must be heavier than the upper. 
In that case, the adjusting screws on which it stands might supple- 
ment, though far less powerfully, the adjusting screw o in its con- 
trol over the armature and lever. 

183 x-Int. By which you mean, as I understand it, that those 
leveling screws are to assist the retractile spring and adjusting 
screw, in controlling the armature, so that when it is strained up in 
position, the magnet shall not be able to overcome the retractile 
spring and drag the armature towards itself; which assistance is 
due to the difference between the ordinary level found in tables on 
which this instrument may be supposed to stand, and the more ac- 
curate level which these adjusting screws would enable the operator 
to obtain or to destroy? 

A. I do not think that is my meaning. Their action would be 
exceedingly slight and almost inappreciable, in my opinion, in either 
of the supposed uses of the instrument. 

184 x-Int. In the apparatus you used was there a sounding box, 
and was the rear end of the magnet attached as shown in the 
drawing? 

A. It was, to the best of my belief. 

185 x-Int. Don’t you know that in an apparatus like that, with- 
out any regard to the end of the armature lever projecting up into 
the air, the action of the magnet itself, when worked by a ‘micro- 
phone transmitter, will cause that apparatus to sound in unison with 
the varying undulations of electricity along the wire? 

A. If reference is made to the position of the magnet on the 
sounding box, I should say that it was placed where it would pro- 
duce the least possible effect, though undoubtedly it communicates 
some vibrations to the sounding box. 

186 x-Int. Question repeated. 

A. Yes, more or less. 

187 x-Int. Don’t you know that it would do so more, and not 
less, and that, under those circumstances, it can transmit speech ? 

A. I think with this apparatus it would do so less and not 
more, and that, of course, it contains the capacity of transmitting 


speech. 
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188 x-Int. Don’t you know that, without regard to the project- 
ing plate in the air, that apparatus, when worked with a microphone 
transmitter, will transmit speech ? ä 

A. The magnet without the armature will undoubtedly transmit 
speech, but in this apparatus I think inaudibly. 

189 x-Int. Did you ever try it with the upper end of the plate 
left off, above the point of suspension ? 

A. I never did. I only tried it as represented in Figure B. 

190 x-Int. Did you try the entire apparatus, or only the receiver 
described in that article ? 

A. Ido not remember whether I tried the entire apparatus in 
my experiments with Professor Brackett; but I tried the Legat 
transmitter and receiver successfully together at the house of Pro- 
fessor Morton, at Hoboken. That is, to the extent of hearing 
several words through them. 

191 x-Int. When you were trying those experiments with Pro- 
fessor Brackett, on the faith of which you have sworn that this 
article described a receiver not operating in the manner of a pen- 
dulum, but operating in the manner of the Bell receiver, why didn’t 
you try the only combination which that article describes as pro- 
ducing its results ? 

A. I do not remember whether I tried that precise combination 
or not? 

192 x-Int. But how long after January, 1878, did you entertain 
the opinion that Professor Bell's discovery was unique and com- 
plete, the greatest, perhaps, of modern science applied co the arts ; 
when did you change that opinion, and what were the circum- 
stances that led you to change it? Was that change due to any- 
thing personal to yourself in connection with Professor Bell or the 
Bell Company, or to some other cause ; and if so, what? 

A. On or about the 18th of January, 1878, I called at the office 
of the Western Union Telegraph Company in search of Mr. Edison, 
who had recently brought out his phonograph. Going to the room 
of Mr. George B. Prescott, the author of the well known works on 
electricity and the telephone, I was introduced by him to Mr. 
Elisha Gray. From Mr. Gray I heard the story of the presentation 
of his caveat on the same day with Professor Bells application for 
his patent of March, 1876. I was also introduced at the same time 
to Professor Dolbear, but the long conversation that ensued was 
chiefly with Mr. Prescott and Mr. Gray. From them I received 
statements of fact which, if credited, deprived Mr. Bell of his title 
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to the invention of the speaking telephone. Mr. Prescott had 
heard that I had made the first hand telephone, and asked me to 
allow the Western Union Telegraph Company to patent it, bearing 
all expenses, and to pay me for it. I declined, stating to him that 
I had promised Mr. Bell to hand over to him the results of all my 
telephone experiments. Mr. Prescott’s reply was very nearly this : 
If I can prove to you that Professor Bell has stolen the whole from 
Mr. Gray and Professor Dolbear, won't you decide differently ? I 
gave no answer, but the conversation made so great an impression 
that I communicated almost immediately with Mr. Chauncey Smith, 

Mr. Bell's attorney, expressing my anxiety to be entirely just both 
to Professor Bell and to Mr. Gray, but,-if I remember right, with- 
drawing an offer which, I think, I had made to Mr. Smith to patent 
the hand telephone, as a friendly act to Mr. Bell, until I should be 
satisfied to whom the invention was due. 

Shortly after this time Professor Bell’s English lecture ap- 
peared, in which he appropriated certain things as his own which I 
supposed originated with myself. On this point again I consulted 
Mr. Chauncey Smith, and wrote to Professor Bell without receiving 
any direct answer. 

This is the extent of any personal difference between myself and 
Professor Bell. It has had no influence upon my opinion in the 
controversy between Mr. Bell and Mr. Gray, or with Mr. Dolbear, 
or Edison, except in so far as it impressed me with Professor Bell's 
disposition to exaggerate his own claims to invention. I did not 
become aware until afterwards of the complete anticipation by Reis 
of the discovery of the speaking telephone. 

193 x-Int. Won't you tell the Court at what date you changed 
the opinion which you entertained in January, 1878, that Professor 
Bell’s invention was the greatest, perhaps, of modern science ap- 
plied to the arts? Was it at that conversation with Prescott, or 
was it at some subsequent date ? y 

A. My opinion as to the greatness of the discovery never 
changed. My feeling with regard to Professor Bell’s part in the 
discovery changed gradually as I learned the facts of previous dis- 
covery and invention by others. I cannot fix any precise date. 

194 x-Int. Who are the others referred to by you who made 
that greatest discovery before Professor Bell did ? 

A. Elisha Gray, Reis, and, at a later date, several others. 


Counsel for the complainants calls upon the counsel for 
the defendants to produce and have identified all the various 
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apparatus which this witness has testified to be talking tele- 
phones, and with which he says he has experimented, in 
order that they may be tested and compared with the origi- 
nal drawings and descriptions. _ 

He also calls upon the counsel for the defendants to have 
those instruments talked with, at any time or place conve- 
nient for him, in the presence of experts, in order that a 
record may be made of what the defendants’ experts may be 
able to produce in the way of conversation with these dif- 
ferent apparatuses, as was done in the case of the American 
Bell Telephone Company vs. Dolbear, who set up the Reis 
apparatus as a defense and had it sworn to as a practical 


talking apparatus. 


Adjourned till July 3, 1884, at 11 A. M. 
J. A. WELCH, 
Special Examiner. 


29 Wat Street, New York, U 
July 3d, 1884, 11 A. M. 3 
Adjourned, by consent of counsel, till July 9, 1884, at 11 A. M. 
J. A. WELCH, 
Special Examiner. 


JuLY 9th, 1884. 


EXAMINATION OF WX. F. CHANNING, RESUMED. RE-pDirEct BY Mn. 
PECKHAM 


195 Re-d. Int. Referring to your answers to cross-interrogatories 
44 and 46, I would ask whether in your answer to Interrogatory 31, 
your attention was drawn or given to any other point than the 
identity of the mode of operation of the instrument described in the 
Bell Patent 174,465 with the mode of operation of Exhibit Holcomb 
Telephone, so that words descriptive of the mode of operation of 
the one would be equally descriptive of the mode of operation of the 
other ? 

A. It was not. | 

196 Re-d. Int. You said in answer to the 63d cross-interrogatory, 
that the theory contained in the Bell Patent 174,465 does not de- 
scribe his telephone. Please state in what respect that theory so 
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contained fails to describe that telephone as referred to in your 
said answer ? 

A. In my answer to the 63d cross-interrogatory I referred to 
Prof. Bell’s first patent as not describing the speaking telephone, 
and my reference is not to the theory contained in the patent, but 
to the patent itself. 

197 Re-d. Int. If you say that Bell’s first patent does not de- 
scribe the speaking telephone, what do you mean to be understood 
as saying that it does describe ? 

A. An improved form of multiple telegraph. 

198 Re-d. Int. Referring to your answers to cross-interrogator- 
ties 84 and 85, please state whether in any of the Exhibits transmit- 
ter of Van der Weyde you find any method of adjustment other than 
those referred to in your answer to the 84th Interrogatory and any 
diaphragm, properly so called, in any Exhibit Van der Weyde Re- 
ceiver? And if so, please point out and describe the same, both as 
to transmitters and receivers ? | 

A. I find in Exhibit Van de Weyde Transmitter No. 1, a screw 
adjustment by which one of the electrodes may be brought into 
closer contact with the other, or the pressure between the two 
diminished. It seems to be a thoroughly effective adjustment. Ex- 
hibit Van der Weyde Transmitter No. 2, has a portion of a similar 
adjusting apparatus, a part having been apparently lost. 

Exhibit Reproduced Van der Weyde Transmitter No. 2 con- 
tains this screw adjusting apparatus in its perfect form. 

Exhibit Van der Weyde Receiver No. 1 has a brass diaphragm 
with a piece of iron attached to the center. 

Exhibit Van der Weyde Receiver No. 3 has a diaphragm of 
tinned iron plate. 

199 Re-d. Int. Please state the functions of the adjustments of 
the transmitters to which you have referred ? 

A. The function is that of any microphone transmitter. When 
delicately adjusted and with a moderate sound, the diaphragm will 
copy approximately the air vibrations, which reach it through the 

ing tube. With loose adjustment, or with loud sounds, the 
contact between the electrodes will be occasionally, perhaps regu- 
larly, broken at each vibration. In these respects it would act simi- 
larly to the Blake, Berliner, or other well known microphone trans- 
mitters. 

200 Re-d. Int. Referring to your answers to the 93d and 106th 


croes-interrogotaries, can you state, or can it be told, in the present 
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state of knowledge, whether the instrument Defendants’ Exhibit 


Transmitter acts by means of variation of pressure or by means of 
variation of points of contact, as made and broken by the vibra- 
tion of the cork diaphragm to which the carbon is attached ? 

A. As I have already said, I think variation of pressure involves 
always a making and breaking of points of contact, though also af- 
fecting resistance of the current in other ways. With this definition 
I should not wish to exclude variation of pressure from any form of 
microphone transmission. In the loose contact transmitters, like 
the Exhibit Defendants’ Transmitter, the probability is that the re- 
sultant sound vibrations are copied, so far at least as articulation is 
concerned, by the variation in a great number of makes and breaks. 

201 Re-d. Int. I now hand you an instrument and ask you 
whether the same is substantially in accord with the drawing of the 
receiver in the Reis-Legat Article described, and if not, in what re- 
spect it differs; calling your attention, of course, to the apparent 
greater length of the armature lever? 

A. It is essentially the same instrument, with some minor differ- 
ences, as for i the addition of clamp screws to the adjusting 
screws, and stationary feet in place of screw-adjusting feet. 


The instrument mentioned in the above question offered in 
evidence by defendants and marked Exhibit Reis-Legat Re- 
ceiver, July 9, 1884, J. A. W., Special Examiner.” 


(Witness continues.) 

I observe that the plate lever is not of uniform thickness, as 
represented in Figure B. 

202 Re-d. Int. I now hand you another instrument, and ask if the 
same is what is commonly known as a Morse sounder, and known 
as such in the years 1860 to 1865 ; and if it differs from the instra- 
ments then known as Morse sounders, point out in what respects? 

A. I cannot compare it from memory with the Morse sounders of 
the date referred to. It contains the essentials of all the Morse 
sounders which I remember. 


The instrument last referred to offered in evidence by the 
defendants, and marked “ Defendants’ Exhibit Morse Sounder, 
July 9, 1884, J. A. W., Sp. Exr.” 


203 Re-d. Int. With those instruments before you, please point 


~ 
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out in what respect the Rete-Legat receiver casentially differs from 
the sounder? 

A. One prominent difference is the double stop which is a promi- 
nent feature of the sounder as an acoustic instrament. The stop 
which prevents the armature from coming in contact with the mag- 
net, gives also the direct blow indicating the completion of the 
circuit. This stop is wanting in the Reis-Legat receiver. The 
armature lever of the sounder is short, thick and inelastic. When 
the battery circuit is broken and the magnet demagnetized, the 
spring carries the armature lever against the second stop, making 
with it asharpclick. The metallic supports are so grouped together 
as to give the sharpest sound of concussion at both the to and fro 
movement of the armature. There are two sounds produced there- 
fore, where one would be produced by the Reis-Legat receiver. 

In the Reis-Legat receiver the absence of the direct stop would 
bring the armature in contact with the magnet if it was free to 
swing: and, once in contact with the magnet, it would be held 
there, even after the current was broken, against any retractile force 
of the spring, which could probably be used on the supposition of a 
swinging motion of the armature. If any such swinging action had 
been intended, a direct stop would have been used, not only to limit 
the motion of the armature, but to receive the concussion supposed 
to be the source of sound. The length, breadth and thinness of the 
armature lever, and also its elasticity, show the difference of its 
function from the armature lever of the sounder. It is adapted to 
communicate delicate sound vibrations to the air, while the two 
stops and anvils of the sounder are adapted to produce the sharp 
double clicks of the Morse Code. 

In the Figure B, the reverse stop /, from its position in the per- 
spective drawing, is showing in my opinion to be in contact with the 
armature lever i, the natural adjustment of the system composed of 
the support , armature lever i, the screw o and stop /, taken in con- 
nection with the sounding-board, and considered as an acoustic ap- 
paratus for the reproduction of delicate sounds. 

204 Re-d. Int. In the several articles to which you have referred 
as describing the different forms of the Reis telephone, I notice 
references are made to the transmission of words and speech. Please 
state how you understand the operation of the Reis telephone in 
any of the forms, when producing the result of transmitting words 
or ? 
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the cubical box transmitter the condensation which carries the 
diaphragm forward necéssarily moves the electrodes over each other, 
making changes of contact and probable interruptions of contact 
within the limits of a single vibration. 

If the adjustment is delicate or the sounds not too loud, there is 
no separation of the electrodes beyond perhaps the film of air, or 
the arc, which may be always latent conductors between the elec- 
trodes, or no separation of the electrodes during the whole period 
of rarefaction. I am disposed to believe that during the return of 
the diaphragm, in microphone transmission, and during the period 
of rarefaction of the air, not only in the Reis instruments, but in the 
Blake and in all other forms, there are a large number of minute 
makes and breaks, sufficient to release the diaphragm at the receiv- 
ing end of the line from the attraction of its magnet, without pro- 
ducing the effect, as regards sound, of a continuous break. The 
Reis transmitters are at any rate subject to the same law, in this 
respect, as the Blake transmitter. In the Reis-Legat transmitter I 
have spoken of the electrodes as separated during the condensation, 
or first motion of the diaphragm. On account of the adjustable 
spring which forms one of the electrodes, it is not necessary that 
the circuit should always be broken, and I would wish to that extent 
to qualify my previous answer. There may be a play between the 
lever and the spring, both during the condensation and rarefaction, 
which would subject the current to variation. With the five cells of 
battery and the electro-magnet shown in the Reis-Legat instru- 
ments, talking through the are would be quite possible. 

205 Re-d. Int. In your cross-examination I have understood you 
to say, that the resultant curves of Blake and Mayer, which are 
shown on the diagrams made a part of the testimony of Professor 
Cross, are characterized by abrupt and angular changes. 

That being so, please state what would be the character of the 
electric current produced by the vibrations of a diaphragm in front 
of the poles of a magnet, as in magneto transmission, when actuated 
by air waves which would be properly graphically represented by 
such curves ? 

A. The diagrams of Professor Blake show the motion of the 
diaphragm of the telephone during articulate speech. In magneto 
transmission the motion of the diaphragm is the sole originator of 
the articulating electric current. 

Professor Blake’s curves show a few characteristic violent 
changes in the motion of the diaphragm corresponding to the dif- 
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ferent articulate sounds. These violent changes appear to be al- 
most exclusively confined to the forward motion of the diaphragm 
during condensation, or to the neighborhood of the point of greatest 
condensation. The effect of these changes, which appear to be the 
exclusive elements of articulation, must be to induce abrupt, sudden 
and violent electric pulsations, going to the extent of sudden and 
absolute reversals of the induced electric current. Similar arrests 
and reversals of motion are shown in Professor Mayer's resultant 
curves. The induced electric currents of this character are abso- 
lutely excluded from Professor Bell's definition of undulatory cur- 
rents in his patent No. 174,465. He there states, in distinguishing 
between undulatory and pulsatory currents, “That electrical pulsa- 
tions are caused by sudden or instantaneous changes of intensity, 
“ and that electrical undulations result from gradual changes of in- 
“ tensity exactly analogous to the changes in the density of air oc- 
‘‘ casioned by simple pendulous vibrations.” The changes of motion 
of the diaphragm shown in Blake’s curves are “sudden and instan- 
taneous,” and must induce sudden and instantaneous changes of 
electric intensity in a telephone circuit actuated by such diaphragm, 

and such changes are by the definition of the patent, the electric” 
pulsations which it disclaims. 

Immediately following the quotation already made, the patent 
says, “ The electrical movement, like the aerial motion, can be rep- 
“ resented by a sinusoidal curve or by the resultant of several sinu- 
“ soidal curves.” This may be perfectly true, but it does not make 
such electrical movement any the less pulsatory. As an explicit 
answer to the question, therefore, I believe that a diaphragm in 
articulating magneto transmission, induces electric “ pulsations and 
not undulations.” 

206 Re-d. Int. Please state the precise character of the differ- 
ence or distinction between electric undulations and electric pulsa- 
tions, and between pulsations and makes and breaks in the 
current? 

A. The distinction between pulsations and undulations is one, I 
suppose, originally made in Professor Bella patent 174,465. He 
defines his pulsatory current as one produced by alternately in- 
creasing and diminishing the intensity of the current without 
actually breaking the circuit, and these changes of intensity he sup- 
poses to be sudden or instantanecus. This differs from a make- 
and-break current mainly by the fact that a portion of the current 
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In speaking, in a former answer, of shocks perceived by the 
tongue during speech through the defendants’ instruments, in which 
my body was made part of the circuit, I referred to them as indica- 


_ tions of interruption of the circuit, or as, in my opinion, so caused. 


The distinction between a pulsatory current and an interrupted or 
make-and-break current is so slight that similar induced shocks may 
be obtained from a pulsatory current; as, for instance, when the 
primary current of an induction coil is suddenly — or short- 
circuited. 

207 Re-d. Int. Referring to the Bell patent No. 174, 465, what 
combination of sounds is illustrated or intended to be illustrated by 
Figure 4, and what kind of sounds is Figure 7 adapted to transmit? 

A. Figure 4 represents the combination of two fundamental 
musical notes of relative pitch, four to five. The resultant curves 
a b, Figure 4, shows some eccentricity, but does not violate the 
conditions of the undulatory current as described by Professor 
Bell. The object of Figure 4 is shown in the patent to be the 
transmission upon a telegraphic circuit of electric vibrations of 
different pitch at the same time. These fundamental notes are 
combined, as described in the patent, in order to be analyzed and 
separated again at the receiving instrument, so as to distinguish one 
telegraphic message from another at the receiving station. The 
patent shows that the object and purpose of the undulatory current 
is to transmit thus a few fundamental musical notes, to be separ- 
ated afterwards, and not to transmit over-tones and the vast range 
and variety of vibrations which characterize articulate sounds. 

This extreme range of vibration cannot be transmitted by the 
undulatory current, as defined by Professor Bell, the electric trans- 
mission passing necessarily into the pulsatory character, as shown 
by the form of the resultant curves. 

Another radical distinction between the transmission of funda- 
mental sounds for the purpose of multiple telegraphy and the trans- 
mission of sound for the purpose of articulation is, that in the lat- 
ter case the compositeness of the sound is one of its chief and 
essential characteristics, while in the former case the few fundamen- 
tal notes transmitted are transmitted for the purpose of being sep- 
arated again. 

In speaking of Figure 7, in a previous answer, I have said that 
it was not adapted to transmit sounds possessing quality. I have 
also stated in my answer to the 4th interrogatory, that there was no 
indication anywhere in this patent that its purpose is the transmis- 
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sion of sounds possessing quality. I should wish to qualify these 
statements so far as the transmission of a few fundamental notes is 
concerned, as indicated in Figure 4. Beyond this I see no indica- 
tions of the transmission of sounds possessing any of the distinctive 
features of articulation. 


Adjourned till July 10th, 1884, at 11 A. M. 
J. A. WELCH, 
Special Examiner. 


Jurx 10th, 1884, 11 A. M. 
EXAMINATION OF Wx. F. CHANNING RESUMED. 
Present—same counsel as yesterday. 


‘Re-cross Exammation sy Mr. Dickerson: 


208 Re-x-Int. You say that Bell’s first patent describes an im- 
proved form of multiple telegraphy, and does not describe a speak- 
ing telephone. Will you explain to the Court how that patent 
instructs a number of persons desiring to transmit a number of 
telegraph signals to a number of persons receiving the same, to 
operate with Figure 7 so as to convert it into a multiple telegraph? 

Place the senders where you think they are designed to be 
according to the instructions of that patent, and the receivers, hav- 
ing the two ends of Figure 7 respectively, and describe the opera- 
tion as you understand the patent directs it to be done. Make this 
statement in your own language, without quoting from the patent, 
assuming Figure 7 to be the instrument employed? 

A. The patent describes three sets of instruments, Figure 5, 
Figure 6 and Figure 7. The instruments in Figure 6 are the same 
as in Figure 5, but grouped in larger number and classified accord- 
ing to pitch. The instrument in Figure 7 differs from these in the 
capacity of its diaphragm to transmit a larger number of sounds of 
various pitch. The patent says that when the armature of any one 
of the instruments in Figure 6 is set in vibration, other instruments 
in unison with it on the same circuit will respond, and continue 
sounding as long as the vibration of the armature continues, and 
become silent when its motion ceases. Also that the duration of 
the sound may be used to indicate the dot and dash of the Morse 
code, and that when two or more of these instruments are set in 


> pried * * f * 4 “ 1 „ P 
lw Whale Wah oat lad eid. 
. ta + 0 4 ns Lal 


i. we el nye 5 7 
N 1 e . . weit 
: * ee * 7 i ¥ 
— n N ñ7²˙ ͥ ] KK 2 2. „„ 


352 EVIDENCE FOR DEFENDANTS. 


vibration at the same time the.corresponding receiving instruments 
vibrate, and those only. The patent then goes on to state that by 
these instruments two or more telegraphic messages may be sent 
over the same circuit without interfering with each other. 

Referring to a similar instrument in Figure 5, the patent states 
that it may be set in vibration by wind, and that another mode is 
shown in Figure 7, which may be set in vibration by the voice or a 
musical instrument, and that a similar sound uttered into one of the 
cones of Figure 7 will be heard to proceed from the other ‘cone. 

The only use which I see specified for all these instruments is, 
as above, the indication of the dot and dash of the Morse alphabet 
in sounds of different pitch, which can be separately distinguished 
afterwards, and which may therefore constitute two or more tele- 
graphic messages sent simultaneously over a single line; but explicit 
directions for this use of Figure 7 are given by Professor Bell in his 
subsequent patent, No. 186,787. 

209 Re-x Int. Won't you answer the question? It ia this: Given 
figure 7 and a number of persons at one end of it and an equal num- 
ber at the other, and assuming it to be true, as you swear you think 
it is, that figure 7 was not designed as a telephone but as a multiple 
telegraph; now explain to the Court how that number of persons 
are to use figure 7 in order to transmit a number of separate tele- 
graph signals to their correspondents at the other end, as you under- 
stand the object, design and construction of figure 7, as the same is 
described in the patent No. 174,465? 

A. I understand that two or more persons are to make musical 
sounds, each differing in pitch, in any convenient way, in the neigh- 
borhood of the open mouth of the cone A, and to let the duration of 
the sound signify the dot or dash of the Morse alphabet. The oper- 
ators who receive the messages will fix their attention as directed 
by Professor Bell in patent No. 186,787, each upon a message of 
particular pitch. To make this more easy, the operator will listen 
to his telephone through a resonator, which selects sounds of a cer- 
tain pitch, approximately excluding others. In this way multiple 
messages can be sent through figure 7, in my opinion, supposing it 
to be sufficiently well constructed and adjusted. 

211 Re-x Int. As you know, I didn’t ask you anything about 
patent No. 186,787, nor about the multiple system there described 
and patented in the year 1877. 

I asked you about the instructions found in the patent No. 174,- 
465 of 1876; and I now repeat the question in another form, and 
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request an answer to it without dragging into it anything about Pro- 
fessor Bell's subsequent inventions. Do you now mean to swear 
that in your judgment the specification of March 7th, 1876, instruct- 
ed the reader to use figure 7, not as a telephone in which one per- 
son uttered his voice in the cone A, and another person with the 
cone L, placed to his ear heard similar sounds to those uttered into 
A, but that it instructed the user that a number of persons should 
stand in the neighborhood of A, each making a musical sound of a 
certain pitch, differing each from the other, and that a number of 
other persons should stand around L, each with a resonator in his 
ear and each endeavoring to select the musical sound which his 
resonator was adapted to receive, the apparatus constituting a mul- 
tiple telegraph of an improved kind? 

A. I understood, and I understand cross-interrogatory 209 to ask 
how a number of persons are to use figure 7 in order to transmit a 
number of telegraph signals, and its only limitation to patent No. 
174,465 is with reference to the construction and design of figure 7, 
as described in that patent, and Iso answered it. Ido not now 
mean to swear that the specification of March 7th, 1876, contains the 
subject matter of the present question, which it does not. 

212 Re-x Int. In that specification itis said that motion can 
be imparted to the armature in figure 7 by the human voice or by 
means of a musical instrument.” Now, will you explain to the 
Court how a human voice or a musical instrument, when employed at 
cone A, could be used to convert that instrument into a multiple 
telegraph, as you understand the specification and the design of the 
instrument? 

A. The specification of a musical instrument does not necessarily 
limit it to a single one. It is simply a description of the function 


of the instrument. I do not suppose that a musical instrument, un- 


less of very complex construction, could send multiple messages 
through figure 7. 

213 Re-x Int. Do you suppose the human voice could do it, or 
was designed to do it, according to the description of that patent? 
If so, explain how the person using his voice would convert that 
thing into a multiple telegraph, and how the number of persons re- 
ceiving the number of messages at the other end would distinguish 
them? 

A. The human voice, which may include the voice of several 
persons, could of course send multiple messages of different pitch, 
according to the Morse code, in the same manne veral musical 
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instruments, and they would be received in the same manner as 
messages from such musical instruments. I do not suppose that it 
was specially designed to do it, though I have no means of knowing. 

214 Re-x Int. You think, don’t you, that when Professor Bell 
wrote the words, “ by the human voice or by means of a musical in- 
strument,” he really meant to say, by a number of different voices 
at different pitches, or by means of a number of musical instru- 
ments? 

A. I do not. 

215 Re-x Int. Haven't you already said in substance that the de- 
sign of figure 7, according to this patent, was a multiple telegraph; 
and if so, how do you suppose it was designed to work, unless by a 
number of human voices or by a number of musical instruments? 

A. What I think I have said with regard to figure 7, is that its 
only specified use in connection with other instruments or the only 
use indicated for it, is that of multiple telegraphy, and I have stated 
my reasons for believing that figure 7 was intended to operate as a 
multiple telegraph by means of musical sounds of different pitch. 

216 Re-x Int. Then it was designed, either that a number of human 
voices, or that a number of musical instruments, should be sounded 
in the neighborhood of A, was it not? And it was not designed that 
one person should utter his voice into A, and another person should 
hold the narrow end of W 
cation? 

A. Anything that would produce musical sounds in the neigh- 
borhood of A differmg in pitch, could be used for the purpose of 
transmitting multiple signals. A single musical instrument with 
several keys corresponding to different musical notes would trans- 
mit an equal number of distinct messages through A in figure 7, if 
the transmitting apparatus A should be suitably placed in the sound- 
ing box of the instrument. The keys in that case, would be oper- 
ated like the common Morse keys. That seems to me to be the 
design, as regards the general method and purpose of figure 7, as 
indicated by the patent, taken in connection with the other instru- 
ments and the preceding description. This does not make it impos- 
sible for one person to make a noise in A and for another person 
within certain limits to hear it in L. One person could tranamit 
musical sounds through A of course, where several could do so. 

217 Re-x Int. What is the sounding-box of the instrament, within 
which the musical apparatus for transmitting several distinct mes- 
sages is to be placed, as you understand the specification? 


A. Supposing it to be a small reed organ with a few keys, the 
sounding box would be the case of the instrument containing the 
reeds. I give that as an illustration. 

218 Re-x Int. Then, it seems to you to be the design of this 
patent, that A figure 7 should be provided with a small reed organ 
with a few keys and a sounding-box, on which a number of opera- 
tors should perform. Now, tell the Court how the system is to be 
carried out at-L, and how the various messages are to be translated 
into intelligence at that point, and describe it particularly so that it 
could be tested, if the Court should require it? 

A. It does not so seem to me. At the receiving end the mes- 
sages would be listened to, as already described, by an equal num- 
ber of receiving operators who might use the common and well 
known method of analyzing or separating sounds of different pitch. 

219 Re-x Int. Does it seem to you that this method of receiving 
the signals is the one designed and indicated by the patent; and, if 
so, explain what you understand the tapering end of the cone to 
, . 
it? 

A. The patent contains no directions with regard to this method 
of receiving. The tapering end of the cone L would make it more 
convenient, perhaps, for one person to listen ; but that I consider a 
very unessential detail in an instrument shown in such elementary 
form and so defective in parts as figure 7. 

220 Re-x Int. Don’t you believe the design of that construction 
was and is to converge the sound at the narrow end of that cone, 
which was to be inserted in the ear? 

A. Undoubtedly it was one design of it. 

221 Re-x Int. Hasn't it been a common practice since ever you 
first knew relays or sounders, to arm the ends of the electro-magnet 
with a thin sheet of brass, to prevent the armature from 
using only one stop, the brass taking the place of the other? 

A. According to my recollection, that has been commonly done 
in very cheap forms of electro-magnetic apparatus, such as the 
vibrating armatures of medical induction coils. I do not think I 
remember it in instruments of precision. I see no indication of it 
in the instrument figured and described in the Reis-Legat Article, 
and it is not present in the Defendants’ Exhibit Morse Sounder. I 
answer this entirely from memory. 

222 Re-x Int. Isn’t it essential to all. eleetro-magneta having vibrat- 
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ing or swinging armatures, either to have a brass cap on the magnet 
or a screw stop, to prevent the armature from sticking when it 
strikes the magnet? 

A. It is not necessary in the case of a vibrating armature of the 
character which I find described in the Reis-Legat Article. 

223 Re-x Int. Isn’t it necessary in every case where the armature 
moves towards the magnet and is liable to strike it, that there should 


be either a brass cap or a stop? ~ 


A. It is necessary where an armature is liable to swing against 


the two poles of a U magnet unless it is desirable that it should. 


stay there, that there should be a stop of some kind, to prevent its 
coming into actual magnetic contact. 

224 Re-x Int. Assuming the Legat receiver to have a nn 
armature, after the manner of a sounder or relays, and not to be 
screwed back so as to be incapable of moving visibly under the 
influence of a magnet; wouldn’t you as an electrician, say, that as a 
matter of course the ends of the magnet covered in the drawing, as 
they are, by the armature were brass capped? 

A. I should think that some method would be used to prevent 
the armature from coming in magnetic contact with the magnet. 

225 Re-x Int. The only two methods in use known to you, are 
they not, are a stop and a brass cap, which are the equivalents of 
each other? 

A. They are not exactly the only methods, but all the methods 
are substantially equivalent to each other. 

226 Re-x Int. Does not the magneto telephone transmit sounds 
which are represented by the graphic curves of Blake and Mayer, 
to which you have referred? 

A. It transmits sounds having the general form of the curves of 
Professor Blake which represents the diaphragm motion, and the 
same might be true with regard to the curves of Professor Mayer. 

227 Re-x Int. And in that case are not the electrical undulations 
on the line wire substantially similar in form to the air vibrations 
whose curves are represented by Professor Blake in his diagrams, 
just as Bell's patent says they are; as you understand the subject; 
whether you call them undulations or pulsations or oscillations or 
vibrations? 

A. I should . prefer to say that there was a general similarity of 
form between the transmitting and transmitted curves. 


[The witness, having completed his answer to the preced- 


2 Pelle me “a = a fe Pe Se 
. — 22 — - * * — * * 


* a a, af 
+ '% 
— * . 


* 
* , 
* 


> 
DEPOSITION OF WILLIAM F. CHANNING. 


ing interrogatory, here requests to make the following ex- 
planations of his preceding testimony, as follows:] 


I wish to correct my answer to cross interrogatory 208, in which 
ee I say that “ explicit directions are given for this use of figure 7 by 
Professor Bell in his subsequent patent 186, 787 (the use referred 
to being “the indication of the dot and dash of the Morse 
Alphabet”). The statement that explicit directions are there so 
given is incorrect, and I withdraw it. . 
I am also satisfied by reference to Patents No. 174,465 and No. 
186,787, that the use of the figure 7 instrument is not limited to 
multiple telegraphy through a single pair, as implied by me to-day, 
the construction of those patents admitting the use of several pairs 
of those instruments by different operators for multiple telegraphy 
on the same circuit. 
I wish to disclaim the title of Professor, by which I observe that 
I am occasionally designated in the record. 
Wu. F. Cuaxnine. 
Subscribed and sworn to 
bore me tis 10 ay 
of July, 1884. 
J. A. WELCH, 


Adjourned till July 11, 1884, at 11 A. M. 
J. A. WELCH, 


Special Examiner. 
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29 Watt Srreer, New Yor. 
July 9th, 1884, 11 A. M. 
Met pursuant to adjournment. 
Mr. DickERson present for complainants. 
Mr. Peckuam for defendants. 


EXAMINATION OF WLan F. CHANNING SUSPENDED FOR THE 


Deposition of Mrs. ELIN G. Hor con, a witness called and 


sworn on the part of the defendants : 
EXAMINED BY Mn. PEcknan: 


1 Int. Mrs. Holcomb, what is your name, age and residence? 

A. Ellen G. Holcomb; 52; Southampton, Mass. 

2 Int. You were the wife of Alfred G. Holcomb? 

A. Yes. 

3 Int. You are not now? 

A. No, sir. 

4 Int. You were divorced from him some time since? 

A. In 1881. 

5 Int. About what time were you married to Mr. Holcomb? 

A. In 1861, November. 

6 Int. At or about the time of your marriage to Mr. Holcomb, 
do you remember about his being engaged in electrical experiments 
or work of any kind? | 

A. Yes; he was so, and had been for several years. 

7 Int. Do you remember his constructing a machine for trans- 
mission of sound by electricity? 

A. Yes, he did so; something that he called a speaking tele- 
graph. 

8 Int. Mrs. Holcomb, I show you the Defendants’ Exhibit Hol- 
comb Telephone, and I ask you if at that time you saw Mr. Hol- 
comb at work at anything of this character, and, if you did, point 
out the features in this exhibit which you remember? 

A. I recognize the instrument as being either the same or one 
precisely similar, recognize the magnets and the ear piece and the 
way it is placed on the base. 

9 Int. What do you mean by the phrase “ear piece,” what part 
of the instrument? 

A. That tin piece that is placed on the diaphragm. 


—j-—_ — 7 8 


10 Int. Where did you see him use any instrument of that char- 


acter, and when? 


A. He had it at Northeast, Maryland. We used it there. 


11 Int. What 
A. It is the 


Maryland. 
12 Int. What 


A. He went down there with the purpose of buying a farm, and 
remained there for a short time. e 

13 Int. How long did you live there? 

A. About two years. 

14 Int. Where had you lived previously to going to Northeast. 

A. In New York. 

15 Int. Did you reside in Island City at any time? 

A. We did, for some weeks previous to going to Northeast. 

16 Int. Did you see this instrument of which you speak at any 
time in New York? 

A. I did not see it in New York before going to Maryland. This 
was in 1861 that we were married, and I did not see it until we . 
were in Maryland. He had his instrument at Cape May before we 
went to Maryland. 

17 Int. What do you mean by Cape May? 

A. The southern point of New Jersey. 

18 Int. Is that any other place than Cape Island City? 

A. Yes, it is called Cape May in a general way, and Cape Island 
City was the name of the place where we stayed. 

19 Int. When you say Cape May and Cape Island City, do you 
mean the same place or different places? 

A. The same place. We remained there for some weeks. We 
then went on to Elkton, and to Northeast. We had the instrument 


there and used it. 
20 Int. When 


know whether he used a battery with them? 
A. He did not. 
21 Int. Did you ever talk through them? 


A. Yes. 


22 Int. Did you ever hear anything said through them? 


A. Yes. 


23 Int. How much could you hear, give us some idea of it? 
A. I know we sent words back and forth. I do not recollect 
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is Northeast?. 
name of a little village six miles from Elkton, in 


was he doing there? 


you used the instruments F 
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what we said, nor anything very particularly about it, more than 
that we got words through it. 

24 Int. Mrs. Holcomb, won't you state the first you knew and 
observed of Mr. Holcomb’s use of instruments of that character, or 
of any experiments made by him prior to getting that instrument 
to which you have referred, for the purpose of communicating 
sound by telegraph or electricity? 

A. He spoke to me about it, told me of it. I knew what he had 
been doing. 

25 Int. When was this? 

A. In 1861. 

26 Int. What did he tell you about it? 

A. In a general way I understood it to be an apparatus to take 
the place of the ordinary working telegraph ; that is, he could com- 
municate through it by speaking. 

27 Int. When you say you understood so, I want to ask you what 
you learned from him, not from anybody else? 

A. I learned from what he said to me. 

28 Int. Did he explain the operation of the instrument to you? 

A. I cannot recollect just precisely how he explained it, but he 
must have explained it. 

29 Int. You did not get any knowledge of it from any other — 
son or other source? 

A. No, I did not. 

30 Int. After you came back from Maryland, where did you 
live? 

A. In New York. 

31 Int. Did you see him have it here in New York? 

A. Yes, sir. 

32 Int. Was anybody else present that you know of? | 

A. There were gentlemen that I knew of his trying it with, but 
I was not present when the gentlemen would call at the house, or 
he had the instrument at other places. He had places down town 
where he tried it. I know there was a Doctor Bradley that was 
very much interested, and they experimented together with it. 

33 Int. What was Dr. Bradley’s first name? 

A. I do not know; he is deceased now. 

34 Int. Mrs. Holcomb, was there any event by which you can 
fix the time at which you saw this instrument and had these expla- 
nations or statements from Mr. Holcomb with respect to it; if there 
is any such event state it. 
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A. We were married in 1861, and this thing had been completed 
before we were married. He had talked to me about it. 

35 Int. Is there any other event by which you can fix the time? 

A. We went to Northeast the year following our marriage, and 
there we used it. 

36 Int. After you came back to New York, for some time was 
there any event which took place by which you can fix the tithe? 

A. We separated in 1874. 

37 Int. Can you fix and be sure of the date when you sepa- 
rated? 

A. Oh, yes. 

38 Int. And you have never lived together since? 

A. No. 

39 Int. Now, can you tell whether any of these matters of which 
you have spoken took place subsequent to the date of your sepa- 
ration? 

A. What I have spoken of occurred before our separation; what 
I know of the instrument is what I learned before that time. 

40 Int. Now I want to call your attention particularly to the part 
of that instrument which you have described as the ear piece, which 


I suppose may be called equally well the 9 


A. He had that in Northeast, Maryland. 

41 Int. ——ů—— —— 
piece and with the box separated from it? 

A. We used it both ways. 

42 Int. Did you ever see him use the instrument with a battery? 

A. I don’t recollect particularly; I should think I had; he was 
trying so many things, and had his batteries around so constantly, I 
should say he had tried it with a —certainly. 

43 Int. That is a matter of inference and not of recollection? 

A. I would not like to say positively; and still, I do feel very 
sure that he did use the battery with it. 


Croes-EXAMINATION BY Mr. DIcKERsON: ‘ 


1 x-Int. How long did you remain in Cape May? 

A. Well, it might have been three or four months—about that 
time. 

2 x-Int. Where did you go from Cape May? 

A. We went directly to Northeast, Maryland. 
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3 x-Int. You bought a farm there, didn’t you? 

A. Yes. 

4 x-Int. How long did you live on that farm? 

A. About two years. 

5 x-Int. Then that was about 1864? 

A. 1862. 

6 x-Int. You went to Cape Island in 1861, didn’t you? 

A. Yes. 

7 x-Int. You stayed there about four months; what time in 1861 
did you leave there? 

A. We left in the Spring of 1862, and went to Northeast. 

8 x-Int. Then, you lived in Northeast two years? 

A. Well, it may not be quite two years; it is about two years. 

9 x-Int. Was it in 1864 when you left there? 

A. I should say we remained eighteen months in Northeast; I 
think that was more precisely the time. 

10 x-Int. Where did you go then? 

A. Came to New York. 

11 x-Int. Did you remain with your husband at that time? 

A. Yes. 

12 x-Int. Then you and he came to New York from there; did 
you? 

A. Yes. 

13 x-Int. How long did you live here? 

A. Up to 1874. 

14 x-Int. Didn’t go anywhere else? 

A. No. 

15 x-Int. Came directly from Northeast to New York and re- 
mained here till 1874, when you separated? 

A. Yes. 

16 x-Int. Where did you live in New York? 

A. We lived in Morrisania. 

17 x-Int. What was your husband engaged in in New York? 

A. He was superintendent of Frank Leslie’s Art Department. 

18 x-Int. How long did you live in Morrisania? 

A. We were there three years; before that we lived in Eighty- 
ninth street for a time; moving about. 

19 x-Int. Then, after you left Morrisania, where did you go to 
live? 

A. I went to Southampton, Massachusetts, 
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20 x-Int. What year was that? 

A. I went there in 1874; it might have been a little later; it 
might have been 1875; I was visiting amongst my friends for a 
while previous to going to Massachusetts. 

21 x-Int. Then, from the time you came back to New York, in 
1864, or thereabouts, you lived in Eighty-ninth street and in Mor- 
risania all the time? 

A. No; there were other places; we lived on Eighty-fifth street, 
and in several places, and moved about from year to year. 

22 x-Int. Name where you lived? 

A. In Eighty-fifth street, Eighty-ninth street, Morrisania. 

23 x-Int. Is that all? 

A. We boarded on Thirty-second street for a time; something 
less than a year, I should say. 

24 x-Int. Anywhere else? 

A. I don’t recollect; I think that is all. 

25 x-Int. You first saw that apparatus in Southeast? 

A. Northeast. 

26 x-Int. Was it exactly like that thing that is on the table now? 

A. I should say it was, precisely; certainly, in its main features. 

27 x-Int. Now, tell exactly how you used it, where it was put, 
and what was done with it? 

A. We placed the diaphragm against the magnet. We used it 
several times. I recollect, particularly at one time, it was placed on 
a table in the house, one end; the other end was out in the garden. 

28 x-Int. What was the other end? 

A. It was the same instrument: Mr. Holcomb stood holding it 
and talked through it in that way. 

29 x-Int. What do you mean by the same instrument?“ 

A. Similar. 

30 x-Int. He stood in the garden holding it? 

A. Yes. 

31 x-Int. How were they connected ? 

A. With wires. 

32 x-Int. And you were in the house? 

A. Yes. 

33 x-Int. How long did operation last ? 

A. Well, the reason I recollect that particularly was because I 
became very much fatigued experimenting with him. He was very 
much interested in it, and trying it. I could notmeasure the t:n:e 
by minutes. 
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34 x-Int. You could talk through it perfectly well, couldn't 
vou? 

A: Yes. 

35 x-Int. Could you hear it as well as any other telephone? 

A. Yes, we heard words distinctly. 

36 x-Int. You could carry on a conversation couldn’t you ? 

A. I recollect we heard words through it; I don’t know how 
much of a sentence. 

37 x-Int. You talked to each other didn’t you, just as freely as 
you pleased ? 

A. Yes. 

38 x-Int. Just as freely as you would use any other telephone ? 

A. Yes. 

39 x-Int. Had you seen a telephone at that time? 

A. No, I had not. I recollect his spending some little time in ad- 
justing it and showing me how, and putting little wedges under it 
and getting it in the correct position. 

40 x-Int. He got it in the correct position and he held one end 
in his hand and talked at the other? 

A. Yes. | 

41 x-Int. Did you have his on a table? 

A. He held it in his hand as he stood ? 

42 x-Int. But this was on a table? 

A. Yes. 

43 x-Int. When was the next time you tried it ? 

A. There in the same place. 

44 x-Int. Did you try it frequently ? 

A. We did several times. 

45 x-Int. What do you mean by several times? You were 
there for some months ? 

A. Possibly a half a dozen times. 

46 x-Int. It was a perfectly good machine to talk through ? 

A. Yes. 

47 x-Int. Then you moved from there to Northeast ? 

A. This was in Northeast. We came from Northeast to New 
York. | 

48 x-Int. What became of the instrument ? 

A. He brought it with him. 

49 x-Int. What did you do with it then? 

After that he frequently used it with his friends. 
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50 x-Int. Did he use it constantly ? 
A. With numerous perons. 
51 x-Int. Where? 

A. In our house, in Morrisiania, for one place; he had a labora- 
tory there, and he used to have his friends come and show it to 
them. 

52 x-Int. You talked just as well there as in Northeast? 

A. Yea. 

53 x-Int. A great many people talked through it, didn’t they? 

A. Quite a number, yes; he was in the habit of talking through 
it with his friends. 

54 x-Int. He was talking through it with his friends for some 
years there? 

A. Well, from time to time; there was a period when he was very 
much devoted to his business, and for a time he laid it aside. 

55 x-Int. Didn't you talk through it to your friends? 

A. No. | 

56 x-Int. Anybody could talk through it, couldn’t they, like any 
other telephone? 

A. Yes. 

57 x-Int. The wires were always up, were they? 

A. I could not say whether they were. He had a great many 
other instruments there. I never took any of my lady friends to 
use it. 

58 x-Int. Up to 1874 he was continually talking through it to his 
friends? 

A. Tea, sir; more or less. 

59 x-Int. How many people do you suppose talked through it? 

A. I could not say. 

60 x-Int. A considerable number of people? 

A. I could not say at all how many. I know that there were in- 
dividuals that would come to the house that he would speak with 
about it? 

61 x-Int. When you left him in 1874 the instrument was then in 
the same condition that it had been? 

A. Yes. 

62 x-Int. Where was it then? 

A. In Morrisiania. 

63 x-Int. There were a pair of them in that condition at that 

time? 
A. Well, he had so many instruments there I could not say posi- 
tively whether he had removed these at that time or not. 
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64 x-Int. What do you mean by removing them? 

A. Perhaps taken them down to his office or some other place. 

65 x-Int. Where was his office? 

A. He was at Mr. Leslie's. 

66 x-Int. Did he have any other place of business than that? 

A. At different times he had different rooms, and I could not 
always say just where his office was; whether he had any other room 
than Mr. Leslie’s place. 

67 x-Int. He had only this instrument, as far as you know. He 
did not have more down town to your knowledge? 

A. No. 

68 x-Int. This Dr. Bradley that you speak of was one of the 
people that used to come there, was he? 

A. Yes; I have known of his using the instrument with Doctor 
Bradley. 

69 x-Int. That was about 1873 or 1874, was it? 

A. I could not say the date, but it certainly was between 1861 
and 1874. 

70 x-Int. It was after you came back to New York. You came back 
to New York in 1864. Then it was between 1864 and 1874 that he 
was using it with Doctor Bradley? 

A. I should say so; yes. 

71 x-Int. No doubt about that, is there? 

A. No. 

72 x-Int. How many times did you see Doctor Bradley there; 
frequently? : 

A. I was not in the habit of seeing the gentlemen that called on 
Mr. Holcomb; very rarely. If a gentleman came I was not present. 

73 x-Int. How did you know Doctor Bradley was there? 

A. I used to hear Mr. Holcomb speak of him very frequently. 

74 x-Int. Very frequently talk of him as having been there? 

A. Yes; and Mr. Holcomb had been at his place, wherever that 
was. 

75 x-Int. Up to the time you left there the instrument had never 
been broken up or lost; up to 1874? 

A. I cannot say. I know there was a period of time, it was be- 
tween our returning from Northeast and 1874, there was a time 
when Mr. Holcomb was very much confined to his business, and he 
neglected his electrical experiments in a great measure, and just 
what condition his instrument was in at that time I could not say, 
or just where his instrument was. He had a great room in his house 
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he called his laboratory, and he had a great many instruments there 
and all his electrical apparatus. I could not say precisely what he 
had or in what condition his apparatus was. 

76 x-Int. When did you see this instrument now for the first 
time since 1874? 

A. I saw it the other day. Mr. Knox, I think, showed it to me 
—perhaps not this instrument, but a duplicate, I think. 

77 x-Int. How did you come to be a witness in this case, do 

you know? 

A. Well, I was called upon by Mr. Cannon. 

78 x-Int. Where were you—up in Massachusetts? 

A. Tes. 

79 x-Int. Was the instrument taken up and shown you there? 

A. No; it was not. 

80 x-Int. Was that instrument considered a very surprising and 
remarkable thing? 

A. So much so that his friends generally ridiculed him about it. 

81 x-Int. Because it was a talking machine? 

2 A. Yes; because he had such great expectations in regard to it. 
They thought it was very visionary. 

82 x-Int. Did you think that was very visionary when you had 
a thing that you could talk through? 

A. I thought it was a wonderful accomplishment. 

83 x-Int. These other people thought it was a very visionary 
tLing? 

A. They thought his hopes were very visionary. 

84 x-Int. What were his hopes? 

A. He expected to use it in the place of the ordinary telegraph. 
He worked to that end. He hoped to bring it to that state of per- 
fection that it might accomplish that object. 

85 x-Int. So far as you know, ae meen object, didn’t 
it? You talked through it? 

A. I don’t know why it did not. 

86 x-Int. Didn't he think it was perfect? 

A. He was not willing to place it before the public. There were 
some other things he needed to do with regard to it, but he did not 
deem it sufficiently perfect to put it on the market. He was in- 
tending to do it from time to time, deferring it. 

87 x-Int. Did he ever talk about patenting it? 

A. inly. 

88 x-Int. Did he talk frequently about that? 
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A. Well, I understood that he would patent it, certainly. 

89 x-Int. Do you know why he did not? 

A. I do not know, unless it was because he had not brought it 
to that completion which he desired. 

90 x-Int. Did he say that about it? 

A. Yes; that was the reason he did not bring it out long before. 
He wanted some time to complete it, to make some little improve- 
ment, or what he called completing it, putting it in a more perfect 
condition in some way. 

91 x-Int. And that never got done, so far as you know, then? 

A. I do not know why it was not perfect, because we got words __ 
through it; but I understood that he had not completed it entirely | 
according to his own idea. * 

92 x-Int. Did you sell your farm at Northeast where you lived 
with Mr. Holcomb? 

A. No; we did not at that time. 

93 x-Int. Did you have a tenant on that farm? 

A. He left one there. 


RE-DIRECT EXAMINATION BY Mr. PECKHAM: 


44 Int. Do you know what was the cost of that farm in North- 
east? 
0 A. No, I do not. It was a small place; nothing very valuable. 
45 Int. Have you any knowledge of what its value was approx- 
imately? 
A. Well, certainly not over $2,000, I should say, and perhaps 
. not that. It was quite a small place. 
46 Int. Do you know whether Mr. Holcomb paid for it all in 
cash, or whether there was any mortgage on it? 
A. I do not know. 


ReE-cross BY Mr. DIcKERSON : 


94 x-Int. He continued to live there during those eighteen 
months or two years, did he, in carrying on farming? 

A. He lived there superintending the work. He had set it out to 
a vine-yard. He was there the greater part of the time. 
95 x-Int. Superintending the work on the farm? 
A. Yes, sir. 
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By Mr. Pecxnam: 47 Int. How large a place was it, do you 
know. How many acres? 
A. I should say about forty acres. 
ELI J. Howcoms. 


Subscribed and sworn to be- 
fore me this 9th day of 
July, 1884. 


29 Wall street, 
New York, July 11, 1884, 
11 A. M. 


DEPOSITION OF Proresson Henry MORTON RESUMED. 


Present: 
. Mr. Dickerson, for complainants ; 
Mr. PeckHuaM, for defendants. 


DIRECT-EXAMINATION CONTINUED BY Mr. PEcCKHAM : 


32 Int. Have you examined and do you understand the con- 
struction and mode of operation of the instrument known as Ex- 
hibit Holcomb Telephone, now shown you, assuming the same to 
be one of a pair of similar instruments, connected by a line wire 
and used respectively for the transmission and reception of audible 
sounds by electricity? 

A. I have examined this apparatus and believe that I under- 
stand it. 

33 Int. Please contrast Exhibit Holcomb Telephone with the 
instrument described in the patent to Mr. Bell, No. 174,465, partic- 
ularly in the fifth claim of said patent, and as shown in figure 7 of 
the drawing, and state whether in your opinion the devices and 
mode of operation in the respective instruments are the same, or 
otherwise, and in what respect they are alike or different? 

A. Arranged as you have described, the Holcomb apparatus 
would in my estimation be substantially identical with that described 
in the Bell patent and shown in Fig. 7 of the same, the differences 
between them being in all cases immaterial. I, of course, assume 
that in either case there is a return circuit by the earth or other- 
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wise, and that a battery may be introduced in the Holcomb appa- 
ratus without modifying the substantial character of its operation. 

34 Int. You say that ‘the apparatus is substantially identical. 
Do you mean to include the mode of operation in the term “ appa- 
ratus?” 

A. I do; or rather, I mean that both as pieces of apparatus and 
in reference to their mode of operation the two instruments com- 
pared are substantially identical. 

35 Int. Can the instrument Exhibit Holcomb Telephone, as- 
suming the same to be connected with another similar instrument 
in a proper circuit, metallic or by the earth, operate with or without 
a battery? 

A. Both. It can operate with a battery or without it. | 

36 Int. Calling your attention to the classification of electric 
currents made by Mr. Bell in the specification for his patent 174,- 
465, I ask you how you describe the electric current used in the 
operation in the instrument Holcomb Telephone, whether as un- 
dulatory or intermittent, using the same classification made by Mr. 
Bell in the patent referred to? 

A. Accepting Mr. Bell’s definition and classification, the Hol- 
combe apparatus would undoubtedly operate by an undulatory 
current. 

37 Int. Please contrast the Exhibit Holcomb Telephone with 
the instrument described in the patent to Mr. Bell No. 186,787, 
particularly with reference to the fifth, sixth, seventh and eighth 
claims therein, and state whether in your opinion the said instru- 
ments are the same or not, in substance? 

A. In my opinion the two instruments are substantially identi- 
cal, uuless the claim of the Bell instrument should be construed as 
limiting the plate referred to, especially in the eighth claim, to a 
diaphragm entirely of iron or steel, as distinguished from a plate 
or armature of iron or steel attached to an elastic diaphragm. 

38 Int. I call your attention to the Reis-Legat article and to 
the figure B, being a drawing of the receiver as shown in that 
article ; and I also call your attention to the Defendant’s Exhibit 
Reis-Legat Receiver, which I now show you, and I ask you whether 
in your opinion a person is instructed by that article to so adjust 
the receiver that the armature lever shall swing in the manner of a 
pendulum from the points on which it is pivoted, its motion being 
arrested by the pole of the magnet in one direction and by the 
back-stop in the other ; or, if not so constructed and used, in what 
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way do you understand that a person by that article would be 
instructed to arrange the receiver to the end that it might fulfil 
the functions which belong to it? 

A. I do not think that an intelligent person, reading the article 
referred to and having a comprehension of the object aimed at, 
would for a moment suppose that it was intended to so adjust this 
armature lever as to allow it a free back and forth motion between 
the back stop and the poles of the magnet, such as you indicate in 
the early part of your question. On the contrary, I think he would 
find himself instructed so to adjust this armature lever that it was 
incapable of any such free motion, but only capable of receiving 
what might for distinction be called a molecular vibratory move- 
ment, such as would serve to transmit and develop musical or 
other sounds. It is to be considered, of course, that the whole 
article is a description of an apparatus for the transmission and re- 
production of musical sounds or of words. Hence, the receiving 
and reproducing part of that apparatus was manifestly intended to 
receive and reproduce such vibrations. Had this armature lever a 
free movement between stops, as we may call them, at either side, it 
is manifest that no such rapid vibrations as would be required for 
the transmission of even musical sounds could be developed in it. 
It would be fit for operation as a sounder, to transmit taps or suc- 
cessive strokes or the like, but would be manifestly unfit for such 
rapid movement as is implied in the development of a sound such 
as we are here considering, that is, of a musical sound or combina- 
tion of musical sounds such as are produced by the human voice in 
singing or talking. 

39 Int. Calling your attention to Bell Patent No. 174,465, what 
do you understand the patent to describe as the purpose and func- 
tion of the instrument particularly referred to in the fifth claim of 
said patent and shown in Fig. 7 thereof? 

A. The special and distinctive purpose described and claimed 
for that form of the apparatus shown in Fig. 7 is, as I understand, 
a transmission of such sounds as are produced in common by the 
voice and musical instruments, by means of an electric current. 
But I also understand that this apparatus, like the apparatus shown 
in Fig. 5, was to be used in the general combination indicated in 
Fig. 6, for multiple telegraphy. In other words, the object of the 
invention as set forth in this patent was the transmission of many 
sets of signals at once through a single circuit, and all the methods 
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of transmitting signals shown in this patent were intended to be 
used in this way. 

40 Int. Professor, have you ever tried to transmit speech by an 
instrument made in precise accordance with the description and 
drawing of the Bell Patent 174,465, and if you have, please state 
whether you have succeeded in transmitting speech by such instru- 
ment, and particularly with respect to a pair of such instruments 
which I sent to you quite recently? 

A. I have repeatedly tried to transmit speech by the use of in- 
struments made in strict accordance with Fig. 7 of Patent 174,465, 
and so far entirely without success. Some years ago I made a 
series of such experiments with a pair of instruments which I had 
in my possession at that time, and recently I have experimented in 
a similar way with a pair of instruments received from you. In 
neither case have I been able either to transmit speech with a pair 
of instruments as shown in Fig. 7, nor by using either of them sep- 
arately in connection with one of the modern forms of receiver or 
transmitter. In other words, I have been unable, using the Bell 
transmitter with a modern electro-magnetic receiver, to transmit 
speech, nor have I been able, using a modern electro-magnetic 
transmitter with the Bell receiver, to transmit speech; having also, 
as I have already said, failed to get any transmission of speech when 
the two instruments shown in Fig. 7 were used in connection with 
each other. i 

41 Int. Have you now present with you the instruments sent to 
you by me, and with which you experimented, and if not will you 
produce tho same at a subsequent session, to the end that they may 
be marked as exhibits in the cause ? 

A. I did not bring those instruments with me this morning, but 
will bring them over to-morrow. 

42 Int. I now hand you, Professor, defendants’ exhibit of patent 
to Mr. Holcomb, No. 32,478, and I ask you if you have read and 
understand the same ? 

A. I have read, and believe that I understand this patent. 

43 Int. Please contrast the magnet shown in the specification 
and accompanying drawing of that patent with the magnet de- 
scribed in claims five and eight of the Bell Patent 186,787, and 
state whether, in your opinion, the same are substantially alike or 
unlike when usad in an electric speaking telephone ? 

A. These magnets are substantially identical, the only difference 
being that the Holcomb magnet has its ends or poles bent up at 
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a right angle and the electro-magnets attached thereto, on what 
may be called the sides of the poles, while the Bell magnet consists 
of a flat horseshoe magnet, with the electro-magnets attached to the 
ends of its poles. Electrically and magnetically, however, this dif- 
ference is in my opinion entirely immaterial. 


CROSS-EXAMINATION BY Mr. DICKERSON: 


44 x-Int. When did you first become informed of the existence 
of the speaking telephone by electricity ? 

A. Shortly after the Centennial Exhibition in Philadelphia, in 
the fall of 1876. 

45 x-Int. And that information was that Prof. Bell had produced 
such a thing at the Centennial, wasn’t it? 

A. It was. 

46 x-Int. In the spring of 1877 did you not, in common with 
others, address the following letter to Prof. Bell: 


“ New York, April 7, 1877. 
„ Pror. A. GraHaM BELL, Boston University: 
“ Deak Sm— The interest excited during the Centennial Exhi- 
“ bition by your experiments with your telephone, holding commu- 
“ nications in audible speech with persons many miles away, and 
“ the published accounts of your improvements in the wonderful 
“ instrument, prompt us to request that you will deliver in our city, 
“ on some evening convenient to yourself, a lecture on sound and 
“ electricity, with an exhibition of your speaking telephone, show- 
“ ing what can be done by it, and making known its scientific and 
“ commercial value. 
“ Very truly, etc., 
“ (Signed,) 
F. A. P. Bannan, 
* HowakpD Crossy, 
“ Henry Morton, 
E. L. Youmans, 
„ Cyrus W. Frexp, 
“ Tos. T. Eckert, 


A. This letter was brought to me for my signature, and I 
signed it. 


— 
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47 x-Int. Do you mean to say by that that the letter did not ex- 
press your sentiments, and you did not know what you signed ? 

A. Ido not; but I mean to state that I had nothing to do with 
getting up the letter, and did not know, of my own knowledge, any- 
thing about the statements contained it. In other words, I was not 
present at the Centennial, and did not see Mr. Bell's apparatus 
there, and knew nothing about it except by report. 

48 x-Int. When did you first become acquainted with the mode 
of operation of the instrument referred to in that letter; was it be- 
fore or after that letter was signed ? 

A. From my own knowledge, only after the letter was signed. I 
attended the lecture which Dr. Bell was requested in this letter to 
deliver, but did not hear on that occasion any speech transmitted, 
but only musical sounds. After returning, I caused to be con- 
structed instruments in accordance with the description Mr. Bell 
had given, and then for the first time heard articulate speech 
through such instruments, and was enabled to observe the manner 
of their operation to some extent. 

49 x-Int. In that letter you referred to published accounts of 
Dr. Bell’s improvements in his wonderful instrument ;” hadn’t you 
seen such publications at that time? 

A. I cannot say now whether I had or not. The fact of the 
statement being in the letter would not involve that I had seen such 
publications, since, as I have already stated, I simply signed the 
letter, following President Barnard, who had signed it already. 

50 x-Int. Didn't you consider it a very wonderful instrument 
when you signed that letter, from what knowledge you had of it 
then ? 

A. I considered the instrument in its then state of development 
as a very wonderful one indeed, and still so consider it. 

51 x-Int. For several years you have been employed by various 
defendants in the attempt to defeat the Bell patent, have you not? 

A. I have not. I have been called upon in various cases to give 
testimony as an expert as to experiments made by me, and as to 
the meaning of scientific terms and the like, but have in no case 
been employed to defeat Mr. Bell’s patent or anyone else s. 

52 x-Int. In all these cases you have been employed by defend- 
ants who were engaged in the attempt to defeat the Bell patent, 
have you not? 

A. I have been employed in many cases by defendants in suits, 
although in two cases at least those for whom I acted were not de- 
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fendants. That is, in the case of John H. Irwin and the Western 
Electric Manufacturing Company vs. The Metropolitan Telegraph 
and Telephone Company and the American Bell Telephone Com- 
pany, my clients were complainants; and in the case of interference 
between A. G. Bell, Thomas A. Edison, Emil Berliner, Elisha Gray, 
A. A. Dolbear and W. K. Voelker, my clients were neither complain- 
ants nor defendants, but claimants in an interference case. As to the 
relations of these cases to: Mr. Bell’s patent, I have not concerned 
myself beyond this, that, if my testimony was likely to defeat Mr. 
Bell’s patent, it would be only because Mr. Bell’s patent was incon- 
sistent with the knowledge on the part of the Court of the facts in 
the case and of the proper interpretation of scientific terms and 
the like. 

53 x-Int. In all the cases your clients have been adverse to the 
Bell patent, have they not? 

A. They have. 

54 x-Int. Now, in the course of your employment during these 
years by clients adverse to the Bell patent, have you yet discovered 
any publication or description, before 1876, of a mode of operation 
in which vocal or other sounds were to be transmitted telegraphi- 
cally by causing undulations similar in form to the vibrations of the 
air accompanying said vocal or other sounds to be transmitted 
over a wire; if so, point out to the Court what publication or 
description you have found which described that mode of oper- 
ation ? | 

A. I have found no such description. 

55 x-Int. In your direct examination you say that in Bell’s 
patent there is no description of an apparatus capable of trans- 
mitting and reproducing articulate speech, so that connected con- 
versations could he carried on between separated stations. Did you 
mean to say that an apparatus constructed substantially in accord- 
ance with the description and drawing of figure 7 was not capable 
of performing that operation ? 

A. I did, and to the best of my belief at the present time such 
statement is true. 

56 x-Int. Do you know of any apparatus capable of transmit- 
ting articulate speech, unless it operates upon the principle of caus- 
ing electrical undulations similar in form to the air vibrations ac- 
companying the spoken words; and if so, where is that apparatus 
to be found, or where has it been described ? 5 
A. I do not know of any apparatus about which either I or anyone 
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else can say positively whether the electrical undulations by means 
of which spceeh is transferred do or do not resemble the air undu- 
lations involved in the spoken words. I consider this statement 
found in Mr. Bell's patent to be a pure figment of the imagination, 
which has never been confirmed or refuted. 

57 x-Int. Do you mean to say that, in your opinion, the mag- 
-neto-telephone does not transmit speech in consequence of the fact 
that the undulations of electricity on the line wire may be graphi- 
cally represented by similar curves to those which represent the vi- 
brations of air engaged in producing the sound? 

A. I mean tosay that this is a subject about which we simply 
know nothing. We do not even know whether there are such things 
as electric undulations, and we certainly do not know what is the 
form or character of that action by which energy is transferred from 
one end of an electric wire to the other. Therefore, while it may be 
that the magneto-telephone acts in this way, we do not know posi- 
tively that it does. 

58 x-Int. Whom do you include in the term “we” in your 
last answer, besides yourself ? 

A. I think the majority of scientific men would agree with me if 
their attention were drawn to this point. 

59 x-Int. Do you consider Sir William Thompson a competent 
scientific electrician and included within the term we, and do 
you also include Prof. Henry in that same category? 

A. Sir William Thompson is a man of very high ability who has 
at various times enunciated his opinions on certain subjects, and 
within a short time enunciated precisely opposite conclusions which 
he has come to on further consideration of the same subjects. Prof. 
Henry is dead many years. I therefore should not consider that 
my reference was met by prior statements made by either of these 
gentlemen. What I mean is, that if the point, as I have stated it 


in the previous answer, were brought to the attention of any com- 


petent scientific man, I believe that his unbiased opinion would 
coincide with mine, while he might easily use expressions, where his 
attention was not drawn to this point, which would appear to be at 
conflict with my statements. 

60 x-Int. Then you think, do you, that if Prof. Thomposn had the 
benefit of your present suggestion he would modify this statement 
of the operation of the Bell telephone, viz.: “The strength of its 
current must vary continuously and as nearly as may be in simple 
proportion to the velocity of a particle of air engaged in constitut- 
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„ing the sounds.” And how do you think he would modify it in 
order to agree with your views? 
Question objected to by defendants’ counsel on the ground 


that there is no evidence in the case that Sir William Thomp- 
son ever entertained such sentiments or expressed them. 


A. I think he would be quite ready to modify it to the extent of 


saying that, while the statement you have quoted was a possible ex- 


planation of the action referred to, it would be quite possible that 
other and different explanations might be found and prove in the 
end to be more consistent with existing facts. 

61 x-Int. Will you favor us with an explanation, which, in your 
opinion, is more consistent with the facts than the one given by Sir 
William Thompson, viz., that the strength of current on the line 
shall be in accordance with the variation of the air vibrations en- 
gaged in producing the sounds? 


Same objections made by defendants’ counsel as that made 
to the foregoing interrogatory. 


A. I do not claim to have developed any theory on this subject. 
What I have already stated is, that in my opinion no certain or 
demonstrated theory as to the condition of things in the wire con- 
necting the transmitter and receiver of a magneto-telephone had 
been developed. All we know is, that we can by the use of electric 
force reproduce, at a distant station, vibrations substantially simi- 
lar to those caused by the sound motions of the air at the transmit- 
ing tstation. This was taught us by Philip Reis, who judiciously 
left the matter at that point, not claiming to know more than he did 
as to the electrical conditions of the connecting wire. 

62 x-Int. Then you mean to swear, do you, that we don't 
know that the strength of the current on the line wire is constantly 
varying during the operation of transmitting speech? 

A. I mean to swear to nothing of the sort, nor have I said any- 
thing warranting such an asuumption. I have said that we do not 
know that the strength of the current varies directly, with the varia- 
tions of velocity in an air particle, or, to express it ctherwise, that 


ve do not know that the current could be graphically represented by 


a curve substantially identical with that representing the motion of 
the air particles involved in the sound. In other words, that this 
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theory as to an identity or close resemblance between the electrical 
conditions in the wire and the sound motions is a pure assumption, 
which may be true in certain cases and not in others, or may be 
true in no case, and is not, in my opinion, in any way essentially con- 
nected with the successful transmission of speech by electricity. 

63 x-Int. Dont we know that the strength of current does vary 
continuously on the line wire during the transmission of speech? 

A. In the sense that it varies in intensity, reverses itself in direc- 
tion, and between these reversals momentarily ceases, we know un- 
doubtedly so much in the case of the magneto-telephone. | 

64 x-Int. Knowing that much to be true, is it your opinion that 
itis a mere figment of the brain to say that those variations cor- 
respond with the variations of the air waves which are to be repro- 
duced in sound? 

A. It is, for this reason, among others: We know asa matter of 
fact that sounds being uttered at one end of such a telephone line 
are very accurately reproduced at the other; and yet we also 
know that the elastic and other conditions of the diaphragm at the 
further end do and must induce a considerable modification in the 
motions otherwise due solely to the change of magnetic force pro- 
duced by fluctuations in the current. That identical results are pro- 
duced where two causes are at work, one of which is a new one, or 
different, seems to me to prove conclusively that the other cause 
must likewise be modified to compensate for this new or varied ac- 
tion of the other cause. 

65 x-Int. It being true that the electric undulations vary con- 
tinuously during the transmission of speech, do you mean to tell the 
Court that it is as probable that that variation does not depend upon 
the movement of the air waves and is not related thereto, as that is 


entirely independent of those causes and has a sort of variation 


of its own for which there is no present explanation? 

A. Your question assumes what I am not prepared to admit, that 
there are known to be electric undulations. 

66 x-Int. It being true that the strength of current varies con- 
tinuously on the line during the transmission of speech, do you mean 
to say that it is not eminently probable that those variations depend 
upon and are produced by.the variations in the movement of the air 
waves, but that on the other hand there is no probability on this 
subject, and, for all you can think about it it, those variations have 
a law of their own entirely irrespective of the movement of ‘the 
air waves? 
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A. What I have said and meant to say is this: The variations in 
current strength (meaning by that what we so call currents in one di- 
rection and in the opposite, and intermissions), are undoubtedly 
produced by the motion of the air waves and bear some relation 
thereto; but it is in my opinion perfectly possible that where those 
air motions involve gradual changes, the changes in current strength 
may be abrupt, or possibly the reverse, in other cases. In other 
words, that while as a matter of course the air motion is the indirect 
cause of the electric action, it does not follow that the fluctuations of 
the latter shall in any close way follow the fluctuations of the other, 
or that such a distinction as Mr. Bell makes between an undulatory 
and a pulsatory current of necessity exists in the electric wire trans- 
mitting articulate words. 

67 x-Int. I am not discussing Prof. Bell’s selection of words, and 
haxe not asked you anything about that question. I am calling 
your attention to the actual operation of the apparatus. Using an 
apparatus in which a constant current is maintained in one direction 
and the strength of it varied by altering resistance on the line, in 
that case is it a figment of the imagination to say that the relation 
of the strength of current bears a definite relation to the variation 
of the air waves produced by the sound, and that the power of the 
instrument to transmit similar sounds to those uttered in the trans- 
mitter depends upon the fact that there is such a definite relation? 

A. In the first place, allow me to remark that the subject here- 
tofore under discussion has been the Magneto Telephone. All my 
answers have been directed to that instrument. Considering now 
the new apparatus which you suggest, I should say that the proba- 
bilities as to the relation of the current strength to the motion of 
the air waves would depend entirely upon the structure of the in- 
dividual apparatus, or, in other words, of the means used for chang- 
ing the resistance. Under certain conditions it is quite conceivable 
that the fluctuations in current strength might follow the motion of 
the air waves, and that in other conditions there might be great 
differences; and yet under both sets of conditions articulate speech 
might be successfully transmitted. Thus, if the change in resist- 
ance involved minute absolute ruptures, I do not think that these 
ruptures would be represented in any way by the motions of the 
air. The air might be under such conditions, moving in a way 
which ‘would be ccrrectly represented by a sinusoid or combination 
of sinusoid curves, while the fluctuations or changes in the current 
strength might be only capable of representation by a broken line 
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with sharp angles, like the profile of a mountain range shown in a 
geography. : 

68 x-Int. I have not asked about circuit-breaking apparatuses, 
and will endeavor to eliminate everything from the question except 
what strictly belongs to it, if I can. I give you the case of Bell's 
liquid transmitter, such as was exhibited at the Centennial, in which 
the strength of current is varied by immersing the electrode to 
varying depths in the liquid conductor, by the vibration of the dia- 
phragm spoken to. Do you understand that apparatus? 

A. I understand your description of the apparatus, but I have 
never seen it in operation, nor do I know anything about its being 
used at the Centennial. 

69 x-Int. Now with that transmitter and the ordinary receiver, 
isn’t it perfectly certain to you that the variation in the strength of 
current must bear a constant relation to the variation of air waves, 
in order that intelligible words should be transmitted over it and 
heard at the receiver? 

A. Undoubtedly the strength of current must bear some constant 
relation to the motion of the air waves, in order that the apparatus 
should be operative. 

70 x-Int. And is not that just as true in the magneto transmit- 
ter as in the variable resistance transmitter of any kind? 

A. Undoubtedly it is, and nothing that I have said was incon- 
sistent with that statement. 

71 x-Int. Now you have volunteered to swear that Reis taught 
us all we know of the operation of the telephone, since which time 
you have admitted that we know that the strength of current varies 
during the transmission of speech, and that that variation’ bears 
some relation to the variation in the vibrations of the air producing 
the speech. Will you now point out to the Court where Reis de- 
scribes those two facts as incident to the transmission of speech or 
as the means whereby speech could be transmitted? 

A. In the first place, I have not asserted that Reis taught us all 
we know about the action of the telephone. What I did assert was 
that Reis taught us (involving, of course, what we knew already as 
supplemented by his instruction), that to transmit speech as well as 
musical sounds, all that was necessary was to reproduce at the re- 
ceiving station air waves substantially similar to those developed at 
the transmitting station. And moreover, not only did he tell us that 
this theoretically could be done, but he demonstrated by actually 
doing it that it was done. I also stated that Reis did not attempt 
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to explain the conditions of the electric current in the wire. As to 
the fact, which I not only admit, but freely state, that the electrical 
condition of the wire is brought about by the air motion and must 
of necessity have some relation to it, I do not think that it was 
necessary for Reis or anybody else to make such a statement as 
that. When he had told us what he did, and when he had shown 
us what he did, this followed as a matter of necessary logical de- 
duction which required no invention, discovery or anything else to 
develope. It was simply the statement that causes and effects must 
have some relation and mutual dependence. In other words, Reis 
told us: If you produce a sound undulation at one end of a given 
apparatus, you will get a similar sound undulation at the other end, 
the influence being transmitted by an electric current. From this, 
as I say, it logically follows that the electric current which serves 
for this transmission must be modified by the sound wave at the 
one end, and must have its strength, power or the like, by whatever 
name you call it, changed in some relation to the sound motion 
which causes modifications in it at the one end, and to the sound 
development which it causes at the other. 

72 x-Int. Then you mean to swear, do you, that the mode of 
transmission by maintaining an unbroken circuit between the trans- 
mitter and receiver and by causing the strength of current on the 
line to vary in some ratio to the air waves, was the obvious conclu- 
sion from Reis’ description and apparatus, needing no invention to 
discover that mode of operation? 

A. I mean to say that anyone reading the description of Reis, 
and constructing and using his apparatus so as to secure the results 
attained by Reis, would of necessity develope all that is involved in 
your question: that is, when he used the apparatus for the trans- 
mission of speech he would be using it without interruption of cir- 
cuit and with a current unbroken and continuous, which varied in 
some relation to the air waves in sound. I do not say that Reis in 
his description in any way points out or indicates the use of a con- 
tinuous current. His description seems to be confined to the em- 
ployment of his apparatus for the transmission of loud musical 
sounds, and he is silent as to the special conditions which would be 
involved in the use of the apparatus for the transmission of speech. 

73 x-Int. Won’t you answer the question, which is this: Did it, 
in your opinion, require no invention or discovery to construct the 
closed circuit telephone and to develope the mode of operation 
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therein contained, in view of the fact that Reis’ apparatus and Reis’ 
description were known to the public? 

A. To produce a practically efficient closed circuit telephone 
did, in my opinion, involve a great many inventions and discoveries 
in addition to all that was given us by Reis, but it is also my 
opinion that among these inventions and discoveries the so-called 
invention or discovery that the current in the wire must express 
undulations corresponding to those of the moving particles of air, 
was neither necessary nor important. Reis showed us how to 
transmitt speech imperfectly. Various improvements, such as the 
use of carbon in the transmitter and the use of a metallic dia- 
phragm in the receiver, were essential to make this transmission of 
speech practically available, but in my opinion this practical de- 
velopment was in no way influenced by any notions, correct. or 
otherwise, as to the character of the current in the wire. 

74 x-Int. Then, it is your opinion, if I understand you, that the 
construction of a closed circuit telephone, in which the strength of 
current, flowing constantly, is varied by the vibrations of the dia- 
phragm, did not constitute any invention, in view of the description 
and apparatus of Reis; is that what you mean to swear to? 

A. That is precisely it, understanding that your definition makes 
the broad claim only, and does not involve any of the means, such, 
for example, as those peculiar to the magneto telephone. 

75 x-Int. I will try again. Figure 7 in the Bell patent repre- 
sents a closed circuit telephone, in which the speaker utters a sound 
in the transmitter and the listener hears a sound in the receiver 
similar to that uttered in the transmitter, and in which the strength 
of current along the line is constantly varying with the movements 
of the diaphragm, under the impulse of the air waves. Now, sup- 
pose that apparatus to be operative, don’t you think that was a 
wonderful instrument, and that the principle of its operation was 
new, notwithstanding what was described in the Reis publication ? 

A. I do think this was a wonderful apparatus, if operative, and 
that it would involve many new actions, irrespective of everything 
found in Reis’ publication. In other words, it contained abundant 
patentable novelty, notwithstanding that, as far as the mode of ac- 
tion in reference to the transfer of speech by means of the electric 
current is concerned, its operation was substantially identical with 
that of the Reis apparatus when used for transmitting speech. 

76 x-Int. Was it substantially identical with any operation de- 
scribed or pointed out in any of the Reis publications? 
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A. As Reis has given no description of the operation of his ap- 
paratus when transmitting speech, as far as its electric current is 
concerned, there is, of course no description in such publications of 
this operation. 

77 x-Int. Was it substantially identical with any operation for 
the transmission of speech known to you, or, so far as you know, to 
the scientific world, in 1876, and, if you say it was, point out the 
fact with which you say it is substantially identical, then known to 
the world as the means of transmitting speech? 

A. As far as I am concerned, I know of no method of transmit- 
ting speech at the date mentioned. How far any such method was 
known to the scientific world, I can only answer by reference to 
such publications as exist, viz., what are known as the Reis publica- 
tions, and such other matters as have been published recently, con- 


taining statements of those who claimed that they knew of such a 


thing at that date. 

78 x-Int. So far as you know from the publications existing in 
1876, was the method of operation involved in that Bell telephone, 
Fig. 7, recognized by the authors of the publications in regard to 
Reis’ or any other apparatus then known? : 

A. It was not. 

79 x-Int. When you were examined in chief as a witness in the case 
of The American Bell Telephone Company against Spencer, you swore 
as follows: Fully realizing all this, however, it seems to me in no 
‘“‘ wise to influence this conclusion to admit that the Reis telephone 
“ actually did embody the feature of a fluctuating or undulatory 
“ current corresponding to changes in pressure between the elec- 
“ trodes, produced by the air vibrations constituting the spoken 
“ words. For this feature, though it undoubtedly existed in the 
“ Reis instrument when used to transmit articulate speech, was not 
“ recognized by the authors describing it, and would therefore have 
“ furnished no information which would have enabled the supposed 
% manufacturer to have constructed an operative telephone under 
“ the conditions above stated.” Do you wish to take back any part 
of that answer now, if so, do it? 

A. I do not, but simply add that a knowledge of this feature 
would not in my estimation, even had it existed, exert any influence 
on the development of the art of transmitting speech by electricity, 
or in other words, would not have any influence in developing the 
improvements which have been made in this direction since Reis. 
80 x-Int. Then your opinion is, I suppose, that Bell’s invention 
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did not exert any influence upon the development of the telephone 
as it now exists? 

A. Bell's invention, as expressed in patent 174,465, did not, in 
my opinion, exert any influence on the development of the art of 
telephony. Had he left the matter there we should have been no 
better off to-day than prior to that patent, as regards this subject. 
It was what Mr. Bell did after the date of this patent which, in my 
opinion, was of importance in this connection, for it was after that 
that he made and published to the world the invention of an opera- 
tive telephone. What he published to the world in this patent is, 
as I have frequently said, a system of multiple telephony, and what 
may be called a singing or musical telephone. 

81 x-Int. What is there in the principle of any known magneto 
telephone that differs from Fig. 7? 

A. Everything that makes it operative. 

82 x-Int. What principle of action is there in any one not shown 
in Fig. 7? 

A. In some the use of an iron diaphragm, which, if vibrated 
opposite an electro magnet, produces currents of sufficient power 
to practically affect a corresponding instrument at the other end of 
the line. Also, in this diaphragm is involved the resistence to the 
effects of moisture, which are fatal, in the apparatus shown in Fig. 
7, to any continuous use of the instrument. Precisely the same 
statement may be made with reference to the receiving instrument, 
in which the substitution of an iron diaphragm for the membrane, 
connected with an armature, changes the apparatus from a practi- 
cally useless to a thoroughly efficient one. 

83 x-Int. Do you consider those changes to involve any new 
principle of action, or to be only an improvement in details, where- 
by defects of construction are avoided ? 

A. I consider them to be so vitally important in their effect that 
they render the apparatus a substantially different one. It is true 
that in a sense the principle of action, viz.; the production of an 
electric current, by the movement of an armature or other mass of 
iron, in front of a magnet, is the same. But this is a principle 
which was not new at the date of the Bell invention, but was em- 
ployed in very many forms of apparatus before this. 

84 x-Int. Perhaps you can select one form of apparatus out of 
the very, many, in which an armature is made to vibrate in unison 
with air waves of sound, and excite an electric current in unison 
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with itself, for the purpose of transmitting speech. Refer the Court 
to just one of such apparatuses ? 

A. I have not stated that an apparatus containing all these com- 
binations of parts and offices existed, but simply that this mode of | 
action of the apparatus was old, as illustrated, for example,, by 
Bréguet’s apparatus for firing blasts, or the various forms of mag- 
neto electrie apparatus where currents were produced by rotating 
or otherwise moving armatures in the front of magnets, as, for in- 
stance, in the apparatus described by Sir Charles Wheatstone in 
the first volume of the “ Telegraphic Journal,” 1873, page 4. 

85 x-Int. Don’t the magneto telephone have that combination 
and operation in it, whether the diaphragm is made of membrane, 
with an armature attached to it, or of iron, in which the armature 
and diaphragm are one? 

A. Undoubtedly. I have just said so. 

86 x-Int. Now you have said that the Legat Receiver was not 
described as having a pendulum action, and that the vibration 
which it does have is molecular, and not of the entire mass. 
Now I refer you to this sentence of the description: “The lever 
i, with the armature, is suspended from the standard / in the man- 
ner of a pendulum, its motion being regulated by means of the 
screw / and the spring g.” Will you be good enough to tell us what 
“the motion” means in that case, if not the swing of the armature 
under the effect of the magnet and spring? 

A. It means, I think, manifestly, such a vibration of that arma- 
ture as would develope in it musical sounds, this vibration or 
motion being regulated by means of the screw and spring. In 
other words, it will be noticed that in the description which you 
have quoted itis said that the lever, with the armature, is sus- 
pended from the standard T in the manner of a pendulum; this 
referring manifestly and emphatically to the mode of suspension, 
not to the mode of action. It is not said that this lever is arranged 
to act like a pendulum, but that its manner or mode of suspension 
is similar to that of a pendulum. When its motion is referred to, 
it is stated that this is regulated by means of the screw / and the 
spring g. Of course such a description as this is very brief, be- 
cause the adjustment is left to the intelligence of the operator, 
which, as I have said, would unquestionably teach him tifat to get 
the effects desired with an armature lever constructed as is this one, 
it would be simply absurd to allow a free motion, but that it would 
be necessary so to bind it that it should be capable of this which I 
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did not exert any influence upon the development of the telephone 
as it now exists? 

A. Bell’s invention, as expressed in patent 174,465, did not, in 
my opinion, exert any influence on the development of the art of 
telephony. Had he left the matter there we should have been no 
better off to-day than prior to that patent, as regards this subject. 
It was what Mr. Bell did after the date of this patent which, in my 
opinion, was of importance in this connection, for it was after that 
that he made and published to the world the invention of an opera- 
tive telephone. What he published to the world in this patent is, 
as I have frequently said, a system of multiple telephony, and what 
may be called a singing or musical telephone. 

81 x-Int. What is there in the principle of any known magneto 
telephone that differs from Fig. 7 ? 

A. Everything that makes it operative. 

82 x-Int. What principle of action is there in any one not shown 
in Fig. 7? | 

A. In some the use of an iron diaphragm, which, if vibrated 
opposite an electro magnet, produces currents of sufficient power 
to practically affect a corresponding instrument at the other end of 
the line. Also, in this diaphragm is involved the resistence to the 
effects of moisture, which are fatal, in the apparatus shown in Fig. 
7, to any continuous use of the instrument. Precisely the same 
statement may be made with reference to the receiving instrument, 
in which the substitution of an iron diaphragm for the membrane, 
connected with an armature, changes the apparatus from a practi- 
cally useless to a thoroughly efficient one. 

83 x-Int. Do you consider those changes to involve any new 
principle of action, or to be only an improvement in details, where- 
by defects of construction are avoided ? 

A. I consider them to be so vitally important in their effect that 
they render the apparatus a substantially different one. It is true 
that in a sense the principle of action, viz.; the production of an 
electric current, by the movement of an armature or other mass of 
iron, in front of a magnet, is the same. But this is a principle 
which was not new at the date of the Bell invention, but was em- 
ployed in very many forms of apparatus before this. 

84 x-Int. Perhaps you can select one form of apparatus out of 
the very. many, in which an armature is made to vibrate in unison 
with air waves of sound, and excite an electric current in unison 
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with itself, for the pnrpose of transmitting speech. Refer the Court 
to just one of such apparatuses ? 

A. I have not stated that an apparatus containing all these com- 
binations of parts and offices existed, but simply that this mode of 
action of the apparatus was old, as illustrated, for example,, by 
Bréguet’s apparatus for firing blasts, or the various forms of mag- 
neto electrie apparatus where currents were produced by rotating 
or otherwise moving armatures in the front of magnets, as, for in- 
stance, in the apparatus described by Sir Charles Wheatstone in 
the first volume of the “ Telegraphic Journal,” 1873, page 4. 

85 x-Int. Don’t the magneto telephone have that combination 
and operation in it, whether the diaphragm is made of membrane, 
with an armature attached to it, or of iron, in which the armature 
and diaphragm are one? 

A. Undoubtedly. I have just said so. 

86 x-Int. Now you have said that the Legat Receiver was not 
described as having a pendulum action, and that the vibration 
which it does have is molecular, and not of the entire mass. 
Now I refer you to this sentence of the description: “The lever 
i, with the armature, is suspended from the standard / in the man- 
ner of a pendulum, its motion being regulated by means of the 
screw / and the spring 9. Will you be good enough to tell us what 
„the motion” means in that case, if not the swing of the armature 
under the effect of the magnet and spring? 

A. It means, I think, manifestly, such a vibration of that arma- 
ture as would develope in it musical sounds, this vibration or 
motion being regulated by means of the screw and spring. In 
other words, it will be noticed that in the description which you 
have quoted itis said that the lever, with the armature, is sus- 
pended from the standard T in the manner of a pendulum; this 
referring manifestly and emphatically to the mode of suspension, 
not to the mode of action. It is not said that this lever is arranged 
to act like a pendulum, but that its manner or mode of suspension 
is similar to that of a pendulum. When its motion is referred to, 
it is stated that this is regulated by means of the screw / and the 
spring g. Of course such a description as this is very brief, be- 
cause the adjustment is left to the intelligence of the operator, 
which, as I have said, would unquestionably teach him tifat to get 
the effects desired with an armature lever constructed as is this one, 
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Sf 
have called for distinction molecular vibration, rather than massive 
swing of the body as a whole. 

87 x-Int. Then, as I understand you, the design is to strain that 
armature hard against the stop, so that the magnet is unable to 
start it against the tensile strain of the spring? 

A. Not exactly that, but so that the magnet is unable to pall it 
away. In other words, we have the strength of the spring holding 
it with an elastic force; if this is unresisted, the body remains at 
rest ; if it is resisted by no matter how little, there will be a corre- 
sponding movement of the body away from the direction in which 
the spring pulls it, when the adjustment is as it should be. 

88 x-Int. Then do you mean to say that the magnet is to be 
strong enough to pull the armature some distance, and not strong 
enough to pull it all the way, against the strain of the spring, the 
magnet increasing its power with enormous ratio as the distance 
diminishes? 

A. I mean to say that the adjustment is to be such that when 
the magnet acts it can draw the armature towards it to a very slight 
extent, perhaps the distance of a fiftieth of an inch or possibly less, 
and that when it has accomplished this much the increased tension 
of the spring will be so much greater than the increased attraction 
of the magnet that no farther motion in the direction of the mag- 
net is possible. And I say this not on the ground only of theoretical 
knowledge, but of actual experiment with this very piece of ap- 
.paratus, which shows me that this is precisely what it does. 

89 x-Int. Show us where the description instructs you to con- 
struct a spring whose resistance will increase more rapidly than the 
rate at which the magnet attracts, viz., inversely as the square of 
the distance, so that the spring will allow it to travel a fiftieth of an 
inch and then accumulate resistance greater than the — 
power of the magnet. 

A. In the first place, with this apparatus it ently — 
sary that any such instruction should be given. We are told to 
regulate the movement of the armature by the use of the spring 
and the screw. Now, it is simply necessary to make such an ad- 
justment that a large part of the strength of the spring is antag- 
onized by the action of the screw, whereupon any such arrangement 
as you suggest becomes perfectly unnecessary, because, as soon as 
the attraction of the magnet causes a minute forward movement of 
the armature, the pressure from the screw is relieved and the spring 
obliged to do the whole work. 
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90 x-Int. As you understand the description, is that armature to 
be visibly still or to have a visible vibration? 

A. Only to have a visible vibration as a tuning fork has; that 
is, if sounding very loudly it ought to be possible to see a slight 
tremulous motion, but when sounding as in the transmission · of 
speech it ought not to be visible to the unaided eye. 

91 x-Int. As the instrument is described in operation, there are 
five cells in circuit and the circuit is opened and closed at each air 
vibration. Now, in such a case as that the magnet would have the 
strength due to a five cell battery, and alternately no strength, the 
spring, as you understand it, being screwed up so hard that the five 
cell strength would not pull away the armature. Do I correctly 
state your understanding? | 

A. You do. 

92 x-Int. Now, suppose you used a microphone transmitter and 
that apparatus. In that case the five cell battery would be con- 
stantly pulling, would it not? | 

A. Toa greater or less extent; that is to say, more or less 


strongly, it would. 
93 x-Int. In such a case is not the variation and strength of cur- 


rent an exceedingly small percentage of the total power? 

A. It may be or it may not be. That would depend upon the 
degree of change in the microphone transmitter. 

94 x-Int. For the purpose of ordinary conversation is not the 
variation in the strength of current exceedingly small? 

A. I think it is. 

95 x-Int. Now, do you think that that apparatus in which a five 
cell battery is employed and which is described as a circuit breaker 
was constracted to be held fast by that spring, so as not to give way 
under the maximum strain, and at the same time to be an operative 
instrument with a microphone transmitter? 

A. I have not a doubt of it, because it is operative under exactly 
those conditions, not as a practical commercial instrument, but in 
the sense in which we say a thing is operative when it may be made 
to go. 

96 x-Int. You have said that Fig. 7 in the Bell patent was de- 
signed as a multiple telegraph. Now, will you explain to the Court 
how you think Mr. Bell intended Fig. 7 to be operative as a multi- 
ple telegraph, as you read the specification? 

A. I have not said exactly what you state, but that Fig. 7 was 
intended as a singing telephone, which could be used in the sys- 
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tem of multiple telegraphy set forth in the patent No. 174,465. As 
I understand it, it would be used in the following manner: A series 
of such instruments as A, of Fig. 7, would be placed as transmit- 
ters at one or more stations, and a series of instruments such as L, 
as receivers at other stations, all being connected in a continuous 
series. Then, by prearrangment, signals would be given in the 
different transmitters by singing or by sounding a musical instru- 
ment so as to produce a given note, whereupon the signals made in 
that note could be recognized in the receivers and could be picked 
out by ear or by the use of a resonator so as to be distinguished 
from other signals produced in other notes at the same time. It 
would be an obvious arrangement, of course, to so construct the in- 
strument that each instrument might become in turn either receiver 
or transmitter, by simply shifting the cone, everything else being 
identical. 

97 x-Int. And that arrangement is what you think is described in 
patent 174,465, is it? when the pate:tee describes Fig. 7? 

A. That is the arrangement which I suggested by the presence 
of Fig. 7 in this patent, though there is no oe as to its use 
in that connection there given, this use being, as I think, manifest 
from the general context. 

98 x-Int. But you are quite sure it was not designed for one 
person to utter sounds in A and another person to hold the cone L 
to his ear and hear similar sounds to those uttered in A? 

A. On the contrary, that is exactly how it was intended to be 
used when employed as a singing telephone as well as when em- 
ployed as a multiple telegraphic instrument. 

99 x-Int. But if a man couldn’t sing, then he couldn’t use the 
instrument, as I understand? 

A. Oh, yes. He could get somebody else to sing, or he could 
use a musical instrument, as the patent suggests. 

100 x-Int. So, that according to the instruction of the patentee, 
as you understand it, for anyone to use this instrument, he must 
either provide a musical instrument or get someone who could sing; 
otherwise he could not utter his own voice in it and have that un- 
derstood by the sound which he uttered reaching the ear of the 
listener? 

A. Not if he undertook to talk in it, for two reasons: in the first 
place, because, after repeated and careful trials, I have never been 
able to hear a word through it, and in the second place, anyone 
who was drawing up such a patent and knew that such a result as 
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the transmission of speech could be obtained, could only have 
failed to state it in plain words through an intention to conceal and 
mislead. 

101 x-Int. Then you think that when Mr. Bell said that the 
human voice might be uttered into A and that a similar sound to 
that uttered into A would proceed from L, he only meant that to 
be true in case the human voice was sung, as you understand the 
entire language? 

A. Beyond a question, that and only that is precisely what that 


Phrase means, taken in its existing connection. What Mr. Bell 


meant would depend upon what Mr. Bell knew at the time. Ac- 
cording to his own testimony, as I recollect it, he had never heard 
a word transmitted through such an apparatus at the time this 


patent was drawn. If, on the other hand, he had succeeded in this 


direction, and knew that the apparatus would operate as a speaking 
telephone, then I should be unwillingly obliged to conclude that he 
had deliberately used language intending to conceal what he knew 
and to mislead the public. 

102 x-Int. Had he heard singing through the thing at that time, 
as you understand his testimony or the facts, in consequence of 
which he meant singing when he said “the human voice?” 

A. My recollection is that he testified to having heard sounds, 
such as shouting. 

103 x-Int. Then why don’t you say that he meant by “the 
human voice” shouting, in place of music, since you give a con- 
struction to the patent by what you think he swore to? 

A. In the first place, I do not found my construction of the 
patent upon Mr. Bell’s testimony, but simply upon the internal 
evidence of the document itself, which I think is perfectly conclu 
sive in this direction. As to the question whether shouting or 
singing was intended, I should say that I do not consider that 
shouting or any other inarticulate sound is suggested and indicated 
in the patent, but, of course, wouldbe inapplicable where the instru- 
ment was used for multiple telephony where a fixed musical note 
would bę essential. Where it was simply used, however, as a sing- 
ing telephone, then shouting or any other mode of producing a noise 
of inarticulate character would, I think, be indicated. 

104 x-Int. Don’t you know it to be true that any telephone in- 
strument capable of complying with the conditions described in that 
patent must necessarily be capable of transmitting articulate speech, 
and don’t you think that Prof. Bell knew that as well as you? 
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A. I do not know, in this sense, that it is simply a question of 
degree. An instrument complying with the claims of that patent 
absolutely would undoubtedly transmit speech, but that Mr. Bell 
did not know that the instrument proposed by him had the capacity 
of so complying with those claimed conditions is, I think, perfectly 
manifest from his conspicuous silence throughout the patent in 
reference to any such action as the transmission of articulate 
speech. 

105 x-Int. Isn’t it perfectly certain that in such an instrument 
as is shown in that drawing, Fig. 7, if in fact, to use our own lan- 
guage in the Spencer case, already quoted to you, “there was a 
fluctuating or undulating current corresponding to the c in 
the air vibrations, whereby a similar sound to that uttered into A 
will proceed from L,”—that such a machine must necessarily be a 
talking machine? 

A. Assuming the facts to be as you state, in reference to this 
particular instrument, and also that the sound proceeding from the 
receiving instrument was sufficiently intense to be audible, undoubt- 
edly the machine would transmit speech, because, in other words, 
your assumption or definition is equivalent to saying that it did 
transmit speech. 

106 x-Int. And don’t you suppose that the man who conceived 
of that theory of action and constructed an apparatus in conformity 
therewith knew, as certainly as any man knows in respect to a 
machine which he has not reduced to practical operation, that it 
would transmit speech if properly made? 

A. Ido not. On the contrary, with all that theory fully de- 
veloped and explained, I should be in profound doubt as to the 
operativeness of any such apparatus prior to experiment demon- 
strating the same; and if in this case I had further constructed the 
apparatus and on repeated tests had failed to obtain any successful 
result, such doubts would be reduced to a reasonable degree of 
certainty, and I should say, “the theory is excellent, but the 
natural conditions involved in the problem, which theory is unable 
to treat and discuss, so seriously modify the results that my hopes 
of success are proved to be unfounded.” 

107 x-Int. I have not asked you what would you think on the 
subject, not having been the inventor of this thing. My question is 
directed to the man capable of having conceived that mode of opera- 
tion and of having stated it in the form in which it now stands before 
the world, accepted, I believe, by scientific people everywhere, as the 
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best known statement of the phenonemon: and in respect to him I 
ask you, in view of what the fact has developed, whether you do 
not think he was justified in believing that such an apparatus as 
that was necessarily a talking machine, particularly if he believed it 
was a good singing machine? 

A. I can well conceive that Mr. Bell, before he made any experi- 
ment with the apparatus, may have hoped that it would prove suc- 
cessful as a means of transmitting articulate speech; but that he 
should have énown any such result would be, in my estimation, to 
claim for him prophetic power. After he had made an experiment 
and found this to be a failure, he would be still further from any 
such knowledge of necessary success. So far in reference to mere 
conclusions on general principles. In this patent itself, however, 
Mr. Bell has, in my opinion, given conclusive, direct and positive 
testimony that at the time of drawing the same he was so far 
from knowing that the apparatus would be successful that he did 
not venture to state even his hopes, but drew a patent and described 
this apparatus without the faintest hint that it could be used as a 
means of transmitting articulate speech, when such an announce- 
ment, he could not but know, would excite universal attention and 
interest and give to the patent an incalculable value. 

108 x-Int. And under those circumstances you think he calls it 
a singing machine, and not a talking machine, in his patent, in sub- 
stance ? 

A. And under those circumstances he described it for what he 
knew it to be and not for what he may have hoped it might become 
in his hands or the hands of some one else. 

109 x-Int. Which was a singing telephone, if I understand your 
testimony ? 

A. His description of it is the description of a singing or non- 
articulating telephone. 


Adjourned to July 12th, 1884, at 11 A. M. 
J. A. WELCH, 
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29 Wa Street, New York, 
JULY 12th, 1884, 11 A. M. 


Met pursuant to adjournment. 
PRESENT— 
Mn. Dickerson for complainants: Mr. Prcxnan for defendants. 
Deposition of Pror. Henry Morton continued: 


CROSS-EXAMINED BY Mr. DICKERSON : 


110 x-Int. In your twenty-fifth direct answer you drew a distinc- 
tion between what you call a voltaic current and a magneto cur- 
rent. Do you really mean to say that there is any distinction be- 
tween the electric current generated by a magneto machine and by 
a voltaic battery, and if you do, tell the Court what it is? 

A. In the general sense that an electric current is an expression 
of a certain disturbance or distribution of electrical condition along a 
conductor, there is no difference between what is commonly called a 
galvanic and a magneto current; but when we come to study the 
details of these two actions there are certain marked differences be- 
tween them. That is, conditions will subsist in a current produced 
magnetically which are not found under like conditions in a gal- 
vanic current. For example, the nature of the fluctuations or incre- 
ments and diminutions in a magneto currrent are as a rule different 
from those which we find in a galvanic current. In this sense it is 
proper to make use of the two words as indicating things which are 
sufficiently different to authorize the use of distinctive terms ; but 
of course it is not intended by this to claim that in a general and 
broad sense there is any absolute difference between any one elec- 
trical current and any other, 

111 x-Int, Do you mean by all that to say to the Court that while 
there may not be a difference in the broad sense, there is in a spe- 
cific or narrow sense such a difference as that a magneto current 
would operate differently in the Bell telephone from a galvanic cur- 
rent, so that in one case the machine would be operative, and in the 
other, not, or that the operations would be different in reference to the 
problem of speaking ? 

A. I mean to say that the differences are sufficient to make it 
necessary to employ different instruments when we propose to use 
what is generally understood by electricians as a galvanic current, 
in place of a magnetic current as indicated in the Bell patent in ref- 
erence to figure 7. In other words; we should have to convert the 
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transmitter into a microphone, when it would cease to be, as it is 
now, an instrument of double office, capable of acting both as trans- 
mitter and as receiver. 

112 x-Int. That is specific, and as I understand it you mean to 
say that in an apparatus substantially like figure 7, a magneto ma-. 
chine could not be substituted for the battery there shown, with a 
like effect, and that in a microphone transmitter a battery and mag- 
neto machine are not convertible terms ? 

A. I do not intend anything of the sort. Ifa magneto machine 
were substitued for the battery in Fig. 7, it would then leave the 
effective current by which the apparatus was operated, or, in other 
words, by which speech was transmitted, if such a result was obtained, 
a magneto current, just as it was before , the current supplied by the 
magneto machine in place of the battery serving no purpose and 
having no effect except to excite the electro magnets so as to render 
it possible for them by reaction with the armatures, to develop what 
are known as magneto currents. In order that this apparatus should 
be operated by a galvanic current, it would be necessary that the 
magnets and armatures in the transmitter should be removed and 
_ some device substituted capable of producing changes in a galvanic 

current by which speech should be transmitted. By a galvanic cur- 
rent I mean of course, primarily, auch a current as is developed by a 
galvanic battery, and of course do not mean to deny that by special 
arrangements we can obtain from a magneto machine a current 
practically identical therewith ; the distinction, as I have said, be- 
tween the magneto and galvanic currents, not being in nature or in 
essentials, but in details or modifications which may or may not. 
exist in special cases. 

113 x-Int. Won't you answer the simple question with a yes, or 
no; don’t you know that if a magneto machine were substituted for 
the galvanic battery in an apparatus substantially like Fig. 7, the 
operation would be substantially the same as it is with a battery, 
without any changes in the rest of the apparatus at all? 

A. I do not know any such thing, in a general sense, because it 
would depend entirely upon the character of the magneto machine 
used. If the magneto machine employed yielded such a current as 
is known among electricians as the characteristic magneto current, 
the apparatus would be entirely inoperative, but if the magneto ma- 
chine were so constructed as to produce a current practically equiva- 
lent to a galvanic current, then, of course, the apparatus would act 
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just as it does now, operating then by a magneto current self-gen- 
erated in the apparatus itself. 

114 x-Int. When you answered this last question didn't you 
know that the ordinary magneto machine, such as is used in teleg- 
raphy, does generate just such a current as a battery generates, 
and is a simple equivalent for a battery current in telegraphic oper- 
ation? 

A. I know, of course, that the very complex magneto electric 
machines, with numerous special appliances, which are used as sub- 
stitutes for galvanic batteries in telegraphic work, yield currents 
which are practically identical with those obtained from batteries, 
and I have had this in mind since this topic was first started and 
have carefully framed my answers so that they should be entirely 
consistent with this fact. Nothing that I have said is in any way in 
conflict with or fails to recognize the fact that we may produce, by 
the use of magnets, currents equivalent to what are known as gal- 
vanic currents ; but of course, when this result had been obtained, 
the currents so produced have lost the recognized characteristics of 
magneto currents, as that term is used to indicate a distinctive 
property or quality in currents. 

115 x-Int. Will you tell the Court what are the distinctive char- 
acteristics of magneto currents which are lost in the magneto ma- 
chine used in telegraphy? 

A. The most prominent characteristics of magneto currents, as 
distinguished from galvanic, is their constant fluctuation or irregu- 
larity, reaching the extent, in most cases, of complete reversal as to 
direction ; and this, as I understand, —ü— deena 
veys when used as a distinctive term. 

116 x-Int. Then, as you understand the term, clectro-platng by 
magneto machines is not done by magneto currents? 

A. In a certain sense you — Geb te teem, Osten 
“‘ magneto currents” is used in two different senses. It is used as 
a distinctive term, as I have already pointed out, to discriminate 
between the characteristic current developed by the action of a 
magnet, and the characteristic current developed by the action of a 
battery. But it is also used without any such idea of distinction 
as to the character of the current, as a means of indicating the 
source of that current, whether it is a battery or a magneto ma- 
chine; or, as it is more commonly called, dynamo-electric machine. 
As a constant and steady current is necessary for electro-plating, 
the dynamo machines employed in that work are so constructed as 
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to yield currents as uniform, constant and regular as possible, and, 
therefore, such currents, as regards their character, might be very 
properly called galvanic currents, while as regards their origin they 
are with equal propriety called magneto currents. 

117 x-Int. Can you refer the Court to anything in print or in 
writing, excepting this last answer, in which the dynamo machine 
currents are called galvanic currents; if so, tell us in what book 
such a name is given to them? 

A. Having no books treating on such subjects with me, it is of 
course impossible for me to furnish at this moment any reference, 
and I feel perfectly confident that what I have said in reference to 
them in my previous answers is in entire accordance with everything 
which has been published by scientific writers on the subject. 

118 x-Int. At your leisure please give us the reference to a pub- 
lication in which currents from dynamo machines are called gal- 
vanic currents, in any book or publication whatever, and I will con- 
sent to have it put into your deposition at any time. 

A. I will do so. 

119 x-Int. Now, in view of your last explanation, is there any 
difference whatever in the effect produced, or in the manner of pro- 
ducing it, so far as the telephone is concerned, whether dynamo 
machine currents, such as you have described to be used for plating 
and telegraphing, or battery currents, are employed? 

A. None whatever; the current under those circumstances would 
have no direct effect in the operation of the instrument, as I have 
already pointed out; said operation being carried out by the defi- 
nitely magneto current developed by the instrument itself. 

120 x-Int. I will try again. In an apparatus like Fig. 7, a gal- 
vanic battery is represented as an essential part of the operation. 
In microphone transmitters, generally speaking, a galvanic battery 
is used to produce the current over the line. Now, in either of 
those machines, does it make any difference whatever in the opera- 
tion or effect, whether a dynamo machine of the kind you have de- 
scribed, be substituted for the batteries; the one shown in the 
drawing and the other indicated in the question? 

A. It would make no difference; but at the same time it would 
be just as true as ever that Fig. 7 would operate as a telephone, ifit 
did so at all, by what is known as a magneto current distinctively ; 
and that the microphone, whether the current applied to it came 
from a battery or a properly constructed dynamo, would be of ne- 
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cessity operated by what is known as a galvanic current distinct- 
ively. 


machine makes a current flowing in one direction, that ceases to be 
a dynamo current, and is a galvanic current? 

A. I mean to state that when a dynamo machine produces a 
current so uniform as to possess the characteristics in that respect 
of a galvanic current, that it is to all intents and purposes a gal- 
vanic current, and would be so regarded by any competent elec- 
trician? 

122 x-Int. And does not a competent electrician also know that 


a battery current is sometimes irregular and sometimes reverses | 


itself ? 

A. Not in the sense in which we use those terms in reference to 
a magneto current. 

123 x-Int. Doesn’t he know that the current will sometimes flow 
one way and sometimes another, from the same battery? 

A. Never, except under unusual and abnormal conditions, such 
as the extreme polarization or exhaustion of a battery or the like. 

124 x-Int. Does not that tendency in galvanic batteries have to 
be specially guarded against in order to prevent the mischief they 
will do in a plating operation ? 

A. Not in any such sense as it has to be provided against with 
dynamo machines, nor is any such complete reversal as we have in 


the case of a magneto current possible as in the case of a battery. 


125 x-Int. Then you mean to say, do you, that a battery will 
not at times completely reverse itself, so that the positive end 
becomes negative and the negative positive, the current flowing 
first in one direction and then in the other? 

A. If any such action as that happens in the battery itself, it is 
an extremely unusual one and can only occur under peculiar 
conditions. You probably have in mind quite a different fact, that 
when a battery is connected with a plating bath, it will establish 
opposite polarities in the cathode and annode of the plating bath, 
and if the strength of the battery should greatly diminish, this 
opposing battery in the plating bath might reverse the current; but 
this is, of course, a totally different thing from a reversal in current 
from the battery itself, and either of these actions is, as I have 
said, one of relatively rare occurrence, resulting from the 
exhaustion of a battery after many days of use, while the fluctua- 
tions of a magnetic current, to which I have alluded, occur as a 


121 x-Int. Then you mean to swear, do you, that when a dynamo | 
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rule in magneto machines and the like many times a second and are 
part of the normal action of the apparatus. 

126 x-Int. And when a battery does reverse itself; do you call 
that a dynamo current as distinguished from a galvanic current, 
and where do you find that name given to it? 

A. Ido not; such reversal being totally different in character 
and effect from the reversals characteristic of magnetic currents. 

127 x-Int. Don’t you know that the reversal of current in 
magneto machines has nothing to do with the fact that the current 
is generated magnetically, but depends entirely upon the fact that 
the machine is so organized as necessarily to reverse the current at 
each passage of the armature, whereas if the machine is differently 
constructed the current will be continuous; in both cases it being 
generated by magnetism instead of by a battery ? 

A. I have already repeatedly tried to make it clear to you what 
is the origin and meaning of the term “magneto current” as 
distinguished from “ galvanic current,” but, as I do not appear to 
have succeeded so far, I will try again. Faraday, a long while ago, 
discovered that when a conductor was moved in the vicinity of a 
magnet so as to cut what are known as lines of magnetic force, a 
current was produced in such conductor which, in consequence of 
the method of its production, was called a magnetic current, or 
rather a magneto current, to distinguish it from another theoretical 
term. This current possessed certain peculiar and distinctive 
qualities, among which the most striking, as I have already stated, 
was its changeable and reversible character, as the result of this it 
has become usual among electricians to speak of such a current as 
this as a magneto current, not meaning thereby to refer to its origin 
or source in a magnet so much as to its character. This is the 
sense in which I have used the word in my answer to direct question 
25, as I have already explained. While the word has received this 
meaning when so used, it has also, in the ordinary business 
connections of the subject, been used as a term to indicate the 
source of electricity, so that in that connection we would speak of 
a current coming from a magneto machine as a magneto current, 
irrespective of its characteristics, and in that sense the word would 
have no meaning as a distinction between one current and another, 
in reference to any characteristic or property of said current. It 
simply refers to the source of the current, without in any way 
describing it or indicating its purpose. I have already, in several 
previous answers, stated that a magneto machine might be and 
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frequently was so arranged as to produce a current which had none 
of the qualities indicated by the term magneto current when used 
as a descriptive word ; and, therefore, I have already stated what I 
understand you to ask about in this question, viz., that the character 
of the current yielded by a magneto machine depends upon the 
construction of the machine, and may be, and is in certain cases, a 
practically uniform current, having, therefore, none of the charac- 
teristics indicated by the use of the term magneto current when 
that is employed as a description or indication of the properties of 
a current and not simply of its source. 

128 x-Int. In the Spencer case, when speaking of the: action of 
the Reis transmitter, you say: “In that case a rupture of contact, 
when it did occur from too loud speaking or an intentional move- 
ment of the lever. produces a violent rattling noise utterly inconsist- 
ent with the transmission of words.” Now are you still of opinion 
that a rupture of contact between the electrodes of the transmitter 
is utterly inconsistent with the transmission of words, or have you 
changed your opinion since that time? 

A. I am still of opinion that any such rupture of contact as I 
there refer to is inconsistent with the articulate transmission of 
speech, but various statements which I have heard from others lead 
me to be at present of the opinion that very minute ruptures of 
contact are consistent with the transmissions of articulate speech, 
or, still farther, that articulate speech may actually be transmitted 
by means of successive minute or brief interruptions. 

129 x-Int. Have you any knowledge of your own to the effect 
that in a speaking telephone a rupture of the electric current can 
be so made as to produce articulate speech ? 

A. I have no such knowledge from my own observation. 

130 x-Int. Is there any substantial difference in principle or 
mode of operation between the transmitter of the defendants in this 
case and the transmitter in the Spencer case, or the Blake trans- 
mitter, so called? 


Question objected to by defendants’ counsel for the reason 
that the identity of the defendants’ transmitter with either 
that of Spencer or Blake is immaterial, and further, that 
neither the Spencer nor Blake transmitter is in evidence in 
the case. 


A. As to the identity or similarity between the structure and mode 
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of operation of the transmitter referred to as defendants’ transmitter, 
and the Spencer and the Blake transmitters, I can only say that in 
structure defendants’ transmitter is entirely unlike the others, and 
as regards its mode of operation I do not feel myself able to say 
with any certainty exactly what that mode is. When I first saw 
this transmitter, the impression it produced upon my own mind was 
that, had I not been informed, under circumstances that compelled 
my belief, that it was operative, I should have felt very confident 
that it was not, and except to convince myself by actual trial that 
it was operative, I have made no examination of it which would 
enable me to say with certainty how it does operate. The fact that 
it operates at all is in my opinion as surprising as anything con- 
nected with the subject of telephone transmission. 

131 x-Int. Don’t you think you are able to say, upon reflection, 
that each of the spokes of that transmitter is an ordinary Hughes 
microphone, as commonly shown in the books of electricity? 

A. In form, yes ; in operation, it seems to me not ; becauseif each 
of them acted independently it would appear to me necessary that 
one would destroy the effect of the other, and that the effect of 
their multiplication would simply be to destroy the operativeness of 
the apparatus. 

132 x-Int. Then you mean to say, do you, that the effect upon 
the current transmitted through one of those spokes is not the same 
as the effect in the case of the Hughes microphone? 

A. I am unable to speak positively about it, but my belief is that 
it must be different, for the reason that I have stated. 

133 x-Int. Taking one of those spokes by itself and passing the 
current through it, isn’t it exactly the Hughes microphone in con- 
struction and operation? 

A. It would correspond substantially with one of the forms of the 
Hughes microphone. 

134 x-Int. But you think that if you put two or more of them to- 
gether, then the principle and mode of operating becomes different, 
and it ceases to be a microphone ; is that your idea? 

A. If several of them are put together as they are in this instru- 
ment, it seems to me that their mode of action must be radically 
changed. Whether the entire apparatus might be still called a mi- 
crophone, would depend upon the breadth given to that word. If it 
means any transmitter in which loose contacts are used, this appa- 
ratus would undoubtedly still be a microphone? 

135 x-Int. If it means an apparatus in which carbon points 
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rest upon each other and a current is passed through the joint or 
joints between those points, is this defendant's transmitter a micro- 
phone? 

A. Your definition would of course include many things that 
were not microphones; but, allowing for this, this apparatus would 
be within your definition. 

136 x-Int. And is not the effect produced, for the purposes of a 
transmitter, by the variation of pressure between the points of con- 
tact, produced by the vibration of the diaphragm supporting those 
points of contact ? 

A. It may be, but my impression is that it is produced rather 
by numerous minute ruptures occasioned at different parts of the 
countless contact points.in this apparatus, than by the changes in 
pressure only. 

137 x-Int. Then you mean to say, if I understand you, that per- 
haps this apparatus is a circuit-breaker, and interrupts the current, 
whereas the Blake transmitter maintains a continuous current ? 

A. I do. I consider this to be very possibly the mode of action 
in this transmitter. 

138 x-Int. Do you believe it to be true that this transmitter 
makes and breaks the electric current, whereas the Blake transmit- 
ter does not? 

A. I believe that this transmitter makes and breaks the current 
at numerous points during its operation, though I do not think that 
it interrupts the entire current or interrupts the current everywhere 
at any onetime. In the Blake transmitter, it is my impression 
that there is never any rupture or renewal of contact, but that there 
is simply a variation in the minute distance, probably something 
less than a two-thousandth of an inch, by which the electrodes are 
separated, such separation being consistent with what we know as 
mechanical contact. In other words we say that two bodies are me- 
chanically in contact when they are separated, as a matter of fact, 
by a distance not greater than a two-thousandth of an inch; and it 
is my belief that the action of the Blake transmitter depends upon 
motions of approach and recession between the electrodes * 
within this distance. 

139 x-Int. So that in both cases the current is continuously hi 
ing through the apparatus. and the effect is produced: by a move- 
ment of the opposite parts, whereby greater or less resistance to the 
flow of the current is produced ; is not that what you mean? 

A. That would be one way of describing it, and a correct way. 
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RE-DIRECT EXAMINATION BY Mr. PEcKHAM: 


140 Int. Professor, you yesterday said that you would bring the 
Bell instruments to which you referred, have you done so; and if 
you have, will you produce them ; and I offer them in evidence and 
ask the examiner to mark them? 

A. I here produce the apparatus, and would mention that last 
evening, on making a further experiment with it, I succeeded, by 
using the transmitter as a transmitter and a very sensitive magneto 
receiver of à modern form as a receiver, in getting a moderately dis- 
tinct articulation, though I had previously failed in a similar at- 
tempt. I then repeated my previous experiments, using both the 
Bell instruments as transmitter and receiver, but failed entirely in 
getting any articulation under those circumstances. I would men- 
tion that the attachment of the magnets in these instruments I now 
notice to be loose, but they were notso when I used them. In fact, 
during some of my experiments I substituted an adjustable clamp 
for the screws by which these are held together, and was thus able 
to vary the distance between the magnet and the armature, and did 
so vary it, and tested both instruments under a great variety of con- 
ditions as regards the adjustment of this distance. I then | put them 
together with the screws that are in them now, and tested them 
again, finding that they operated as I have said. The looseness of 
the screw is the result of some jarring in carrying them over. 


Defendant's counsel offers said two instruments in evi- 
dence and the same are marked respectively Defendants’ 7 
Exhibit Bell Telephone Receiver,” and “ Exhibit Bell Tele- 
phone Transmitter,” “J. A. W., Special Examiner, July 12, 
1884. 99 


141 Int. I understood you to say in your crose-examination that 
the precise action of the current in the wire, especially as to the 
character of the curve by which it could be represented, is not 
known. I ask you whether it is known what the electric current is, 
or what is the precise phenomenon@vhich we are accustomed to des- 
ignate as a current of electricity ? 

A. I think it is universally admitted by all writers on this sub- 
ject, that we really have no knowledge whatever as to the final cause 
of an electric current or other electric phenomena. As to the views 
entertained by the highest recognized authorities on this subject, I 
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would refer, in the first place, to a passage in a work entitled “A 
TREATISE ON ELEcTRICITY AND MaGNetTism,” by Jaun CLARK Max- 
WELL, in which, on page 182, of Vol. II., I find as follows: 

“552. It appears, therefore, that a system containing an electric 
current is a seat of energy of some kind; and since we can form 
“ no conception of an electric current except as a kinetic phenom- 
“ enon, its energy must be kinetic energy, that is to say the energy 
“ which a moving body has in virtue of its motion. 

„We have already shown that the electricity in the wire cannot 
“ be considered as the moving body in which we are to find this 
“ energy, for the energy of a moving body does not depend on 
“ anything external to itself, whereas the presence of other bodies 
near the current alters its energy. We are therefore led to inquire 
‘“‘ whether there may not be some motion going on in the space out- 
* side the wire, which is not occupied by the electric current, but in 
“ which the electro magnetic effects of the current are manifested. 

* shall not at present enter on the reasons for looking in one 
„place rather than another for such motions, or for regarding these 
“motions as of one kind rather than another. What I propose 
now to do is to examine the consequences of the assumption that 
“ the phenomena of the electric current are those of a moving sys- 
“ tem, the motion being communicated from one part of the system 
to another by forces, the nature and laws of which we do not yet 
“even attempt to define, because we can eliminate these forces 
from the equations of motion by the method given by Lagrange 

for any connected system.” 

| I would also refer to the work entitled “ Electricity and Magnet- 
ism,” by Fleeming Jenkins, in which, on page 1, I find as follows: 
„There has been much wrangling as to the hypothesis of one and 
“ of two fluids. It is quite unnecessary to assume that the phenom- 
dens are due to one fluid, two fluids, or any fluid whatever; but in 
this treatise the names employed will be chiefly those which have 
been suggested to men of science by thinking of electrical phe- 
“ nomena as due to the presence or absence of a single finid.” 

I would also refer to the work entitled “ An Introduction to the 
Theory of Electricity,” by Linnaeus Cumming. On page 135, I 
find as follows : 

147. We have explained above in connection with Faraday’s 
Theory of Induction, the state of a medium acted on by electrical 
forces (Art, 74). We then established 
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(I). That in each molecule there was a separation of electricity 
“along the line of force, through the molecule, the quantity sepa- 
„rated being measured by 4. Z unit of area, where F is the result- 
“ ant force at the point. 

“ (II). That this electrical separation produces or is produced 
“ by a strain in the medium along the lines of force, from which 
“ strained state the medium tends to return to a neutral state by a 
discharge from molecule to molecule through the medium. 

(III. That this discharge constitutes conduction resulting in 
“a transfer of the positive electricity separated to the place of 
“ lower, and of the negative electricity separated to the place of 
“ higher potential, the lines of flow being the lines of force, and the 

“ quantity of electricity neutralized along a tube of force being 
q Fe 

143 Int. Is it not quite possible, or even probable, that while air 
movements in front of the diaphragm would be represented by one 
set of curves, the electric variation in the wire caused by the vibra- 
tion of the diaphragm would be represented by quite other and dif- 
ferent curves or by lines which would more properly be described 
as angular than curved? 

A. I think it is not only probable but certain, that the lines 
properly representing the electrical conditions brought about by the 
movement of the diaphragm will be very different in character from 
those which correctly represent the motions of the air particles. 
This is manifest, among other things, from the following considera- 
tions: an air wave consists of countless particles of air in various 
rates of motion, or moving with various velocities, but individually 
extremely minute and possessing little force. When such a wave 
comes in contact with a realtively massive body such as the dia- 
phragm, which also, by reason of its elasticity and of its stiffness 
opposes being set in motion, there must be a considerable compres- 
sion of the air wave before any motion can take place in the dia- 
phragm, and when that motion does take place it will vary greatly in 
velocity and extent from the motions of the light and mobile air 
particles. The effect which the movement of this diaphragm has 
upon the magnet will then again be modified by the character of the 
diaphragm itself; that is, whether this diaphragm is itself a mass of 
iron or whether it simply carries an armature bodily or moves it by 
one end. All these things will have modifying effects, and there- 
fore it is a matter of necessity that the form expressing electrical 
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changes must be a very different thing from the form expressing the 


‘air motions. 


143 Int. Referring to the Bell Patent 174,465, I ask you if there 
is in the specifications of that patent suggested any other use, func- 


tion or properties of Fig. 7, than as one of the ways or modes in 


which the armature C in Fig. 5 might be set in vibration ? 

A. None whatever. 

144 Int. Would not the transmission of musical sounds by Fig. 
7, be.a complete performance of all the description and claims of 
Patent 174,465, in respect to it? 

A. It would be. 

145 Int. You have said, in answer to cross interrogatory 105, 
that an instrument complying with the claims of that patent (mean- 
ing Patent No. 174,465), absolutely would undoubtedly transmit 
speech. I ask you whether in your opinion there is anything con- 
tained in that patent which, to a person ordinarily skilled as an 
electrician, would indicate or show that that instrument would or 
would not transmit speech or was designed for the purpose of 
transmitting speech ? 

A. There is nothing whatever which would convey such informa- 
tion. 

Henny Morton. 


Counsel for complainant requests the counsel for defend- 
ants to permit him to take the models of the Bell Patent 
produced in evidence, stating that those very instruments 
will talk perfectly well if properly adjusted and operated, 
and that he desires to send them to the factory of the 
complainants in Boston, where they can be experimented 
with and where witnesses can examine them. 

Counsel for the defendants says, that it would give him 
great pleasure to commit the custody of these instruments to 
counsel for complainant, as long as the counsel for the com- 
plainants will keep them, but he declines to have them travel 

to Boston or to the factory of the complainants, and if the 
'** ~"* complainants think they can make instruments to talk they 
„Would better indulge in a little manufacturing. 


Counsel for complainants replies, that, although he knows 


perfectly well that he could make those instruments talk, yet 
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he does not propose to be a witness in this case, and he 
desires to submit them to his experts, who can testify. 
Henry Morton. 
Sworn to this 12th day of 
July, 1884, before me. 
J. A WELCH, 


Adjourned to August 4, 1884. 
J. A. WELCH, 


Professor Morton, on the 22nd of July, 1884, pursuant to the re- 
quest made by Mr. Dickerson in cross-interrogatory No. 118, furn- 
ishes the following translation from a work in German, entitled 
“Die magnet-und dynamo-elektrischen Maschinen;“ by Dr. H. 
Schellen, Director of the Realschule at Cologne, Cologne, 1879, page 
116, and revised edition of 1882, page 137 : 

“ Gramme machines for hand or foot power, Cabinet machines, 
are built at the present time by the firm of Bröguet at Paris, a firm 
noted far beyond the limits of France, for the construction of instru- 


ments of precision of all kinds, and they are intended in part to re- 
place, to a certain degree, batteries for medical purposes, and in 
part to furnish for instruction in Physics and Chemistry an appar- 
atus at all times ready so as to produce at once, without any further 
preparation, a galvanic current of the strength of an eight cell Bun- 
sen battery.” 


J. A. WELCH, 
Special Examiner. 


— er 


eS ap 


— 


EVIDENCE FOR DEFENDANTS. 


29 WAI. Sr., New York, 
August 4, 1884, 11 A. M. 


Met pursuant to adjournment of July 12, 1884. 


Present—Messrs. WHEELER H. Pecknam and W. S. Knox, for 
defendants; Mr. Geo. T. Curtis, In., for complainants. 


Fernanno E. WorcEsTER, called and sworn as a witness on the 
part of the defendants : 


Mr. Geo. T. Curtis, Jr., here states that he attends from 
Mr. Dickerson’s office; that Mr. Dickerson is now in New- 
port, and that he knows from conversations with Mr. Dicker- 
son that Mr. Dickerson did not understand that the examina- 
tion of witnesses would proceed to-day ; that a message was 
received from the office of Mr. Peckham, asking if the fourth 
of August would suit Mr. Dickerson, and an answer was sent 
saying that Mr. Dickerson was at Newport, and it certainly 
was understood at his office that the testimony would not go 
on to-day; that it is impossible to communicate with Mr. 
Dickerson and have him here at this sitting; that he is the 
only counsel.in New York that knows anything about the case, 
and that he, Mr. Curtis, only attends as Mr. Dickerson’s clerk 
for the purpose of requesting an adjournment of the present 
hearing for the reasons stated above, and he now requests the 
counsel for defendants to consent to such adjournment. Mr. 
Peckham says that at the last day of hearing the adjournment 
was fixed for this day, and it was definitely understood be- 
tween him and Mr. Dickerson that if Mr. Dickerson, on going 
to his office, desired any other day, he would advise Mr. 
Peckham ; that Mr. Peckham then told Mr. Dickerson that 
he desired to, and must, take the testimony of the witness, 
Mr. Worcester, from Buffalo, and that after that we would 
adjourn at Mr. Dickerson’s convenience ; that hearing noth- 
ing from Mr. Dickerson, about a week ago Mr. Peckham di- 
rected one of his clerks to inquire through the telephone of 
Mr. Dickerson’s office whether he had any objection to the 
adjourned day, and was merely informed that Mr. Dickerson 
was in Newport; that hearing therefore no objection, Mr. 
Peckham obtained the attendance of the witness, Mr. Wor- 
cester, from Buffalo, at considerable expense, and conse- 
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quently must decline the request for an adjournment without 
taking his testimony. 

Mr. Curtis states that the message received at Mr. Dicker- 
son’s Office did not speak of the fourth of August as a day 
which had been already agreed upon, but rather as a day to 
be fixed upon if it would suit Mr. Dickerson, and that the 
person sending the message was informed that Mr. Dicker- 
son was off on his yacht, and that he was probably at New- 
port, and it was certainly understood at Mr. Dickerson’s office 
that nothing further would be done until Mr. Dickerson’s re- 
turn. 5 . 

Mr. Curtis protests against the examination proceeding in 
Mr. Dickerson’s absence, and requests that all rights of ob- 
jection and of cross-examination be reserved with consent of 
defendants’ counsel, if he still insists upon proceeding in Mr. 
Dickerson’s absence. 

Mr. Peckham consents that right of objection, except as to 
matters of form, may be reserved; also the right of cross- 
examination being reserved if complainants produce the wit- 
ness, but declines to produce him. 

Mr. Curtis objects to the testimony proceeding, and re- 
serves all rights on Mr. Dickerson’s behalf, and refuses to 
attend further on Mr. Dickerson’s behalf. 


The witness being interrogated by Mr. Peckham, testifies as fol- 
lows : 


1 Q. What is your name, age, residence and occupation ? 

A. My name is Fernando E. Worcester ; my age is sixty-six ; my 
residence is Buffalo, New York; my occupation is that of wood- 

ver. 

2 Q. Did you ever know Mr. Alfred G. Holcomb, and if so, when 
and where? 

A. I knew him in New York, twenty-five years ago. 

3 Q. At the time you knew him in New York, did you know of 
his being engaged with any electrical apparatus; and if so, when 
and where ? 

A. Yes, sir; I did. I knew him to be engaged with it in 1860, 
in Fifteenth street, New York. 

4Q. At the time to which you refer was Mr. Holcomb married? 

A. No, sir; he was not. 
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5 C. I hand you now Exhibit Holcomb Telephone, and I ask 
you whether you have ever seen that instrument or one substantially 
like it before, and if so, when and where? 

A. I saw one just like that in his room in Fifteenth street, in 
1860, in the fall of the year. 

6 Q. I call your attention particularly to the tin cone on the ex- 
hibit, and I ask you to say whether the ingtrument you saw in 
1860 had a tin cone substantially like that? 

A. I did. I saw one exactly like that attached to the instru- 
ment. 

7 Q. Now, Mr. Worcester, please state what you saw and heard 
and did in connection with that instrument, in respect to its opera- 
tion, in 1860, and if you saw it in operation, state by whom it was 
operated, and what part, if any, you took in its operation? 

A. The first time operated by Mr. Holcomb, and heard sounds 
from it, it counted ten, communicated from Mr. Holcomb from the 
back room. He had two machines and they were connected by two 
wires, one in the front room and one in the back room. The second 
time that I tested the machine was a short time after that. I don’t 
know when. The second time Doctor Cornell operated on the ma- 
chine, I heard indistinct sounds, communicating the word Boston. 
I don’t know that I have anything further to state. 

8 Q. How many times did you see the machine in operation all 
together ? 

A. Two or three times during the fall. 

9 Q. Is Doctor Cornell dead ? 

A. Yes, sir. 

10 Q. At the times of which you speak was your part in the 
operation that of listener only, or did you also talk ? 

A. I was a listener in all cases. 

11 Q. When listening what did you do with the tin cone ? 

A. That was removed from the machine. 

12 Q. Where did you put your ear? 

A. Near the drum; what is called the drum. We called it the 
drum at the time. 

13 Q. Please illustrate by the exhibit before you where you 
placed your ear ? 

A. I placed my ear as you now see me. (Witness takes off the 
tin cone, and lowers his head, placing one ear opposite the wooden 


Ys, diaphragm or box.) 
14 C. At the time of your operation with Dr. Cornell, did you 
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or he make any written memorandum of what he said and what you 
heard ; and if so, did youmake any comparison of such memorandum ? 
Please state what you did, if anything, in that respect ? 

A. We operated on the machine for our amusement, one after- 
noon. He made communications and I listened in an adjoining 
room. The communication that I received was the word “ Boston.” 
I wrote it on a piece of paper. The doctor said that was correct, it 
was what he communicated. 

15 Q. Had he anything written on any paper ? 

A. I think not. 

16 Q. In 1860, did Mr. Holcomb explain to you, or state to you, 
anything about the purpose and object of the instrument ; and if so, 
what did he say ? 

A. He said as soon as he got it perfect, he was going to get a 
patent on it— 

17 C. Did he say what it was for; and if so, what? 

A. He said if he <ould get a patent, he wanted to sell it. 

18 Q. I mean did he state to you what the instrument was de- 
signed to do, or what effect it was designed to produce; and if so, 
what ? 

A. He said nothing only he wanted to sell it; no conversation— 

19 Q. Do you remember where Mr. Holcomb went, after he was 
married ? . 

A. He told me he was going to Maryland. 

20 Q. Did you see him in New York after he returned from 
Maryland? b 

A. I did. 

21 Q. Can you tell us about what time that was? 

A. I cannot. 

- 22Q. With reference to the war of the rebellion, can you tell 
what time it was with respect to that war? 

A. Well, he was experimenting on the machine after the war 
broke out. | 

23 Q. Now, what I am asking you is, what time he came back 
from Maryland, with respect to the war? 

A. It was during the war. 

24 Q. Did he say anything to you as to what he had done with 
the instrument in Maryland ; and if so, what did he say ? 

A. He told me that he had his machines there and experimented 
on them. 
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25 Q. Did he say how they worked and what he had been able 
to do with them ; and if so, what did he say ? 

A. He said he made wonderful improvements, and his wife 
could communicate with him on the place. 

26 Q. In the experiments in which you took part, do you know 
whether there was any battery connected with the machine? 

A. There was none when he communicated with me. I mean 
Mr. Holcomb. 

27 Q. How about when Dr. Cornell communicated with you ? 

A. I don't know that the doctor applied the battery when he 

experimented. 


Subscribed and sworn to this 
4th day of August, 1884. 
J. A. WELCH, 
Special Examiner. 


Ferpanpo E. WORCESTER. 


Aveust 4, 1884. 


Defendants’ counsel put in evidence the following ex- 
hibits : 

No. 75. British Letters Patent to John Henry Johnson, dated 
March 16, 1875, No. 974, for transmitting musical vibrations, with 
accompanying plates. 

No. 76. Disclaims and Memorandum of Alteration of William 
Morgan-Brown, A. D. 1876, No. 4765, Electric Telephony and 
Telephonic Apparatus. 

No. 77. Specification of David Edward Hughes, Telegraphic 
Apparatus, dated January 27, 1863, No. 241, with accompanying 
plates. 

No. 78. Specification of Joseph Camp, Griffith Kennedy ; 
Electro-Magnetic Telegraphs, A. D. 1855, No. 2058, with accom- 
panying plates. 

No. 79. French Letters Patent entitled “ Brevet Scott du 25 
Mars, 1857, No. 31,470, et Certificat d' addition du 29 Juillet, 1859— 
Expedition.” 

Adjourned by consent of the counsel for the defendants, and of 
Mr. Curtis on behalf of Mr. Dickerson, the counsel for the com- 


\ — to meet on notice or by consent. 


J. A. WELCH, 
Special Examiner. 
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29 Watt Sr., New York, 
December 3d, 1884. 


Parties met pursuant to agreement. 


Present—Mr. WHEELER H. Pecxnam and Mr. W. S. Knox, coun- 
sel for defendants; Mr. E. N. Dickerson and Mr. Geo. T. Curtis, 
In., counsel for complainants. . | 


The deposition of Cart H. A. BsERREGAARD, a witness sworn and 
examined on the part of the defendants : 


EXaMINED BY Mr. PEcKHAM: ® 


1Q. What is your name, approximate age, residence and occu- 
pation ? ä 

A. My name is Carl H. A. Bjerregard. My residence is 2229 
Fourth avenue, New York City. My age is about forty. My occu- 
pation is librarian of the Astor Library. 

2 Q. Are you acquainted with the German language, and if so, 
please tell the Court what your acquirements therein are, what study 
you have given to it, and generally anything to show your capacity 
for accurate translation of German words or phrases into English? 

A. I am familiar with the German language. I have been brought 
up in it as a child, and as a student of philology for about ten or 
fifteen years I have concerned myself with studying it in its general 
roots and construction comparatively ; that is, under a full survey of 
the so-called Indo-Germanic languages or Indo-European, as they are 
called. From that follows that I am capable of determining the na- 
ture and linguistic value of any given word or term or phrase in 
German or English or any other of the allied languages. I am a 
Dane by birth and Danish in my native language, but born on the 
borders of Germany, we are brought up in both languages. Ir re- 
gard to English, I may say that I have been in this country eleven 


years and extensively engaged in lecturing in English, both publicly 


and privately, and in teaching ; always extempore, without notes. I 
began to study English at school when a child in Denmark. When 
I arrived in this country I had not spoken English any more than 
in lessons in school; that was a basis for future study, having to 
handle the dictionary and grammar. Immediately after I came to 
this country I began to speak English habitually. At my house my 
wife and children speak only English. 
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3 Q. Are you familiar with the German literature with respect to 
the discoveries and inventions of Philip Reis respecting the tele- 
phone? 

A. I am familiar with the literature to that extent to which a 
librarian generally would be familiar with it, and if called upon I 
could by bibliographical dictionaries produce a survey or summary 
or list is the better term of the whole literature. 

4 Q. I call your attention to the exhibit on page 537 of the Dol- 
bear record, being the yearly report of the Physical Society at 
Frankfort-a-M., 1860-61, and also to the same exhibit on page 182 
of the Spencer record, both purporting to be translations of the 
same German article, and calling your attention to the word Ton- 
sprache in brackets on page 537 of the Dolbear record; I ask you 
to give the true meaning and translation of that word ? 

A. The word Tonsprache is a compound word and according 
to the fundamental laws of the German language, the emphasis lies 
upon sprache, the latter part of the word; the first half Ton 
only being the defining component. Hence, in translating it, 
emphasis must be laid upon “speech,” which is the translation of 
“Sprache.” As for the first half of the compound word “Ton- 
Sprache,” the word Ton may be translated either sound or tune; 
the word carrying both meanings. 

The word “Tonsprache” means accordingly speech by sound of 
some kind or tune of some kind. It is speech by means of some 
medium, either simple sound or musical tune. 

5 Q. In the connection in which the word seems to be used, 
please give the proper translation of the word in the Exhibit Dol- 
bear Record before you? 

A. The word cannot be literally translated to give a correct 
meaning, because the first half of the compound may mean both 
tune and sound jn general. It will depend entirely upon the mean- 
ing of the whole way in which it is used, and upon the evident 
meaning of the speaker. In this case, as it was Reis’s intention to 
construct an apparatus by means of which he could speak, the evi- 
dent meaning of the word will have to be derived from the general 
aim and end of the apparatus. Modern philology would enquire 
into the actual use of the term, in order to decide its proper mean- 
ing, and would decide against any theory according to which the 
word would be translated either sound or tune. 

6 Q. Have you read the original article of which these ex- 
hibits purport to be a translation ? 


Y 
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A. I have made one translation from some article treating on 
Reis’ instrument, but I cannot now give the name or date of it; to 
my recollection, it was an instrument by which he could speak. 
Judging from the illustrations I see here, I think it was another 
article. 

7 Q. Was the word Tonsprache in common use prior to the 
use of it in that article by Reis? 

A. I have not found the word either in Grimm’s or Sander’s 
German dictionaries, and judge that it was introduced by Reis. 


CROSS-EXAMINATION BY Mr. E. N. Dickerson: 


8 x-Q. When were you appointed librarian of the Astor Library 
and who was your predecessor ? 

A. In the year 1879. I had no predecessor. My department 
being a new one just established. I am not assistant librarian, but 
librarian. According to the minutes and by-laws of the library 
there are four librarians each with his assistants. 

9 x-Q. What is your department? 

A. Classification and purchase of new books. 

10 x-Q. Is there no superior librarian in that library ? 

A. There not; there is asuperintendent. Each of the four libra- 
rians are responsible to the Loard of Trustees. The general sup- 
position is that Mr. Saunders is the librarian. He is so in name. 
He is, however, only one of four. Iti is so explicitly stated in the 
years report 1881 or 1882. 

11 x-Q. Then there is no superior in the library itself, either 
under the title of superintendent or librarian; is that so? 

A. The superior officer is the superintendent ; under him rank 
the four librarians. 

12 x-Q. What is the name of that superior ‘under whom the 
librarians perform their duties? 

A. His name is Robbins Little. 

13 x-Q. Do you understand that the word Tonsprache in the 
original article means articulate speech ; and if so, give the Ger- 
man synonym of “ Tonsprache,” which signifies articulate speech ? 

A. The word does not mean articulate speech. It means speech 
by some medium or other, sound in general or musical tune, or any 
other medium. The German word for articulate speech is simply 


“Sprache.” 
14 x-Q. Do you think that if a German were describing speech 
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transmitted through the speaking tubes of a house he would call 
it Tonsprache? 

A. These would bo no nocd of using encther tom; his speech 
or speaking through the speaking tube being not essentially modi- 
fied. : 

15 x-Q. Do you think that the speech that is usually trans- 
mitted through an ordinary Bell telephone is so modified as that 
the requirement of the German language would give to it the name 
of Tonsprache, in order to distinguish it from Sprache or ar- 
ticulate speeeh ? i 

A. I do not know the telephone sufficiently to give an answer to 
he question. 

16 x-Q. Have you ever listened through a telephone through 
which a person was talking to you? 

A. I have some years ago, at the American Institute Fair; but 
I do not know the name of the instrument, nor have I distinct im- 
pressions of the nature of the sounds. 

17 x-Q. Supposing those sounds to be a substantial reproduction 
of the voice of the speaker, so that you could recognize the pecu- 
liarities of his voice and understand what he said, do you think, 
if you were a German, you would call that kind of talk “Ton- 

e?” 

A. I might; I might not. If I were an intelligent German, I 
would inquire into the actual use of the term before using it my- 
self. 

18 x-Q. Don’t you think the prefix of the word “Ton” qualifies 
the word “ Sprache ?” 

A. It does; but it is not the main word in the compound Ton- 
sprache.” It is simply the defining compound, and “Sprache” is 
the main word. 

19 x-Q. And doesn't it qualify the word “Sprache,” which means 
articulate speech, so that the compounding of the word makes it 
mean something different from articulate speech ? 

A. It does qualify it, but as it itself carries different meanings, I 


cannot determine which quality it gives to articulate speech, or to 


„Sprache, the main word. The word articulate should be struck 
out. 
20 x-Q. Then you mean to say, do you, that “Sprache” in Ger- 
man doesn’t mean articulate speech ? 
Objected to by defendant's counsel, on the ground that the 
witness had not said nor intimated anything of the kind. 
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A. I wished the word articulate struck out because I think I 
didn’t say articulate, but simply 

21 x-Q. Same question 

A. I do not. “Sprache” means articulate speech, as I said 
before. 

22 x-Q. Does it mean anything but articulate speech; by which 
I mean intelligent speech by human beings? 

A. No; it does not. 

23 x-Q. Then give the different meanings which you say the pre- 
fix Ton ” has, in order that the Court may be able to select that 
one which you may say belongs to the word “Sprache” in this con- 
nection ? 

A. The word “Ton” means sound, tone and tune, in the various 
ways in which those three words are used. 

24 x-Q. Then it must qualify the word “Sprache in one of three 
ways, either in speech by sound, or speech by tone or speech by 
tune; is that so? 

A. It does. 

25 x-Q. In German, when the sound of articulate speech is re- 
ferred to, it is expressed by the word “ Laut,” is it not, as distin- 
guished from the word Ton? 

A. That is not quite correct. Laut means any sound. 

26 x-Q. Will you give me the correct German expression for “the 
sound of the speaker's voice ?” 

A. Laut der stimme des sprechenden. 

27 x-Q. Will you give the correct German expression for the 
sentence “The sound of a bell was heard at a distance ?” 

—ů— Om 

28 x-Q. Then in German the word “laut” is properly applicable 
as well to the human voice as to the sounds of musical instruments 
or a bell, and the word “Ton” is not more appropriate to express 
the sound of a bell or a musical instrument? 

A. Both terms may be used. It depends on what you want to 
express. The mere mechanical effect would best be expressed by 
laut, while the musical effect by ton. 

29 x-Q. In view of this correct definition, don’t you think the 
word Tonsprache implies a musical effect? 

A. On its face it might, but to get at its true meaning we must 
know its actual use. 

30 x-Q. Then, as a person understanding the German language, 
you are unable to tell the Court what the meaning of the word “Ton- 
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sprache is, unless you know something more than what the word 
itself presents to you? 

A. I am unable to tell, and any and all philologists would be un- 
able to tell its meaning from a mere examination of the word, ex- 
cept as far as defined already, being speech by some medium or 
other. 

31 x-Q. Then, the prefix “‘ Ton means, to your mind, only some 
meaning or other,” when combined with the word “Sprache ?” 

A. It does. It is simply the defining component. 

32 x-Q. Do you think that to be a defining component that gives 
no other definition than “by some means or other? 

A. It gives a definition, as I said before, three definitions being 
mentioned before. 

33 x-Q. Will you explain to the Court what you would under- 
stand to be the meaning of Tonsprache, when you translate Ton 
into sound, and make it speech by sound ? 

A. If I translate the word Ton sound, then I would translate 


the word sound-speaker ; but if I translate it by tone, I translate it 


tone-speaker ; and if I translate it by tune, I translate it tune- 
speaker. 

34 x-Q. Are you acquainted with any variety of speaking which 
isn’t sound-speaking ; and, if so, mention it ? 

A. All audible speech necessarily uses sound as a medium. 

35 x-Q. Don’t you think that if the object of the writer was to 
express merely articulate speaking it would be somewhat superflu- 
ous to say it was done by sound ? 

A. I do not know what his object was. I have not read his 
essay. 

36 x-Q. (Question repeated.) 

A. No, I don’t know why it should be. A scientific man is very 
explicit. Still, I don’t understand the question fully. 

37 x-Q. If, on the other hand, it was the object of the writer to 
express an operation in which singing was to be done, don’t you 
think that the prefix “Ton would be appropriate? 

A. In that case he might have used the term Musik-sprache,” 
or Gesang-sprache,” which would be good German. 

38 x-Q. But you think it wouldn’t be good German to say “ Ton- 
sprache? 

A. It would be good German, but not explicit. 

39 x-Q. Now, if you found in that article this statement, Now, 
in reference to the capabilities of the telephone, it may be stated 
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that I was enabled to render audible to the members of a large as- 
sembly, the Physical Society, at Frankfort-a-M., melodies that were 
sung not very loud into the apparatus, in another house three hun- 
dred feet away, with closed doors,” would you say that the expres- 
sion Tonsprache was an appropriate word to be applied to that 
performance ? 


The witness is handed, by the counsel for the complain- 
ants, the German original of which the extract read is a trans- 
lation. 


A. It would be an appropriate word to apply, but that would 
not give the general sense in the translation. In glancing over the 
essay before me, and recollecting another essay by Reis on a sim- 
ilar subject which I have read, his main purpose seems to have been 
to transmit sound, simply, of some kind or other. 


4 | Re-pmect By Mr. PEcKHAM: 

| 40 Re-d. Q. Is there a stream in German Switzerland known as 
Lauterbrunnen? 

d A. There is. 


41 Re-d. Q. Please translate the word “ Lauterbrunnen ” ? 

A. I do not know the etymology of the word, but I can translate 
it literally. The word Brunnen, the main word, means springs, 

| wells, fountains or anything of that kind, and the word Lauter 
means only, Nothing but; hence the word Lauterbrunnen would 
mean “ nothing but springs,” or wells, &c. 

42 Re-d. Q. Assuming that a telephone is an instrument by 
which speaking against a diaphragm causes electrical action at a 
distant station, which electrical action in its turn causes sounds 
similar to the sound of the word spoken, which are heard by the 
listener ; the listener, however, hearing not the sounds spoken by 
the speaker, but the similar sounds produced by the electrical 
action; I ask whether the word Tonsprache would be an appro- 
priate German word to describe what was heard by the listener? 


d A. I should think it wasn’t, and that Reis simply chose a word 
that came nearest to hand, to express his object, and without con- 
sidering the linguistic properties of it. 

43 Re-d. Q. You say you should think it was not. Why not? 

f A. Because it is too indefinite. 
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44 Re-d. Q. Now, suppose that in the essay, or the exhibit that 
has been referred to, you found this statement, “ Hitherto it has 
not been possible to reproduce human speech with a distinctness 
sufficient for every one; the consonants are for the most part repro- 
duced pretty distinctly, but the, vowels as yet not in an equal de- 
gree ;” would you say. that the expression Tonsprache was an 
appropiate word to be applied to that performance? 

A. I would say it is, because Reis has in view the power at- 
tained to at that time to transmit human speech, and hearing him 
pronounce the word we should hear him emphasize very strongly 
„Sprache.“ 

45 Re-x-Q. Did you mean to say that Reis had at that time an 
apparatus capable practically of transmitting human speech? 

A. From the passage read to me I understood that he had 
attained to that. 

46 Re-x-Q. Now look at the original German and say whether 
the words “dei Tonsprache des Henschen,” and say whether those 
words are correctly translated by the English words “human 
speech ” as given in the translation read to you in question 44? 

A. It is no literal translation. It seems in this case that the 
words were used in a certain accepted sense different from the first 
use of it, and I should judge that he intended to say human speech, 
though, as I said, it is no literal translation. 

47 Re-x-Q. hrc those words in the 
German original? 

A. If Lam to translate it literally, I should translate it, human 
sound speech, or tone speech, or tune speech, either one of the three 
being correct literally. 

48 Re-x-Q. Wouldn’t it be a proper translation to say, “ the tones 
of human speech ?” 

A. It would be no more proper than to say the sound of human 
speech or the tune of human speech. 

49 Re-x-Q.. If it was meant to express the fact that human speech 
was transmitted, without any qualification whatever, do you think 
that the expression Tonsprache des Henschen” would be the 
proper one ? 

A. I said before, it appears evident that the word Tonsprache 
here in this place is used in a certain accepted sense and it would 
seem to me that by it he meant to express human speech—as by 
reference to the following paragraph my statement seems to be 
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proved where Reis speaks about the experiments of Willis, Hehm- 
holtz and others to reproduce vocal sounds ; I meant vocal sounds. 

50 Re-x-Q. And you infer, do you, that because Reis referred 
to Hehmholtz’s experiments for producing vocal tones artificially, 
therefore in the passage which you have translated he meant by the 
word Tonsprache, merely “Sprache” without qualification, and 
attached no meaning whatever to the prefix Ton?“ 

A. I mean to say that in the present instance Reis is di 
the question of transmitting human speech. and that that is evident 
from the fact that he speaks about reproduction of consonants and 
vowels, which in all probability he would not do if he were not dis- 
cussing the question of reproducing human speech. 

51 Re-x-Q. Won't you answer the question, which is this: Is it 
your opinion that in the paragraph quoted the prefix “Ton” is 
merely surplusage, and not intended to qualify the word Sprache 
with which it is associated ? 

A. I said before, in the present instance the word is evidently 
used in a certain accepted sense; and it does seem that that sense 
is human 

52 Re-x-Q. In the second paragraph it is thus written a repro- 
duction of tones ( Tonen) at certain distances by means of a gal- 
vanic current has probably been thought of.” Do you translate the 
word Tonen into the Enghsh “articulate speech,” in that para- 
graph ? 

A. I see no reason for translating it thus. 

53. Re-x-Q. Will you give the translation which you deem the 
correct translation? 

A. The word ought to be translated sound or tone, possibly tune. 
54. Rex-Q. In the same article the following sentence is found : 
“ At the first condensation the hammer-like wire d is pushed back; 
at the rarefaction it cannot follow the retreating membrane, and 
the current traversing the strips remains broken (Strombleibt so 
lange unterbrochen bis, eic), until the membrane forced by a new 
condensation again presses the strip (proceeding from p) against d. 

Is the German word “ unterbrochen” properly translated by the 
English words broken or interrupted? 

A. It is unnecessary to say broken ; it is interrupted. I hardly 
see why it is necessary to say broken and interrupted. It would be 
sufficient to say “ interrupted.” 

55. Re-x-Q. Does the German word “Zerbrechen ” properly 
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express breaking or interruption of the electric current, and if not, 
give the true meaning of that German word ? 

A. It does not. The primary meaning is to break to pieces, to 
ruin, while unterbrochen means to interrupt, and that is prob- 
ably the only word used in connection with telegraphy or electric- 
ity. I hardly see how the other could be used. 

C. H. A. BsERREGAARD. 


Subscribed and sworn to be- 
fore me this 3d day of 
December, 1884. 
JosEPH A. WELCH, 


Defendants’ counsel put in evidence “ Yearly Report of the 
Physical Society at Frankfort, a-M., 1860-1861, pp. 57-64 
(published in 1862),” as the same is printed in the printed 
record in the case of American Bell Telephone Company vs. 
Albert Spencer et al., on pages 182-189 inclusive, and as 
there entitled, with the plates. 

Defendants’ counsel put in evidence “A Lecture entitled 
Researches in Electric Telephony, by Professor Alexander 
Graham Bell, delivered before the Society of Telegraph 
Engineers, October 31st, 1877,” published at London and at 
New York by F. and F. N. Spon, in 1878, with the plates. 

Defendant’ counsel put in evidence an original article in 
the German language, contained in the “ Yearly Report of the 
Physical Soviety at Frankfort, a-M., 1860-1861,” on pages 57 
to 64 inclusive thereof, entitled “Ueber Telephonic durch 
den galvanischen strom von Philipp Reis,” with the accom- 
panying plates. 


29 Wall Street, New York, December 3d, 1884. 


Deposition of Geonce W. BEARDSLEE, a witness sworn and ex- 
amined on the part of the defendants. 


Exam BY Mr. PECKHAM : 


1 Q. What is your name, age, residence and occupation? 

A. My name is George W. Beardslee; my age is seventy-two 
years last March ; I reside at 314 Greene avenue, Brooklyn, N. Y. 
my occupation is that of electrician, electrical engineer. 


awe « 
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2 Q. Did you know one Dr. Bradley, and also a Mr. Holcomb, 
in the years between 1860 and 1870; and, if so, please tell us when 
and where you knew them, and the extent of your acquaintance ? 

A. I knew Dr. Bradley from 1860 to 1863 or 1864, during which 
introduced to me Mr. Holcomb, at my works at College Point, Long 
Island. 

3 Q. Calling your attention to Exhibit Holcomb Telephone now 
before you, I ask whether at the time to which you refer in your 
preceding answer, Dr. Bradley or Mr. Holcomb had any machine or 
device, and if so, if they or either of them explained to you its uses 
or purposes; if so, please describe what kind of instrument or de- 
vice they had, and what they or either of them said with respect to 
its uses or purposes ? 

A. In the early part of my acquaintance with Dr. Bradley, he 
brought up to my place of business a telegraphic instrument which, 
I think, he denominated his “ sounding relay,” which instrument I 
now have at College Point, stored with my other machinery there. 
During these interviews he spoke to me of a friend, or of an ac- 
quaintance he had, who had made or was making an instrument or 
instruments for the purpose of conveying sounds or words at a dis- 
tance. He also stated that the instrument was organized with a 
very peculiarly formed magnet, and that he had great difficulty in 
shaping the magnet out of steel ; that during these interviews he had 
learned that I was making very permanent magnets, by a process 
I had discovered, out of cast iron, and that his friend would like to 
have his magnets made by the same process, and stated that he would 
have his friend come up to see me. He brought his friend there, 
Mr. Holcomb, who had an instrument like the exhibit referred to, in 
which I saw the peculiar configuration of the magnet, the same as in 
the exhibit, with a pair of electro-magnets connected with their 
poles, with an armature which was acted upon by a diaphragm, simi- 
lar to that shown in the exhibit referred to; the diaphragm and arm- 
ature were made adjustable. In the place of the hoop shown im the 
exhibit there was a bowl-shaped piece placed, expanding at the 
outer edge. He claimed that by the use of such instruments he could 
communicate sounds and words at a distance through an electric 
circuit. 

His explanations and the conversation that occurred at that 
time impressed me at that time from the fact that I had seen a 


similar instrument some years prior amongst the’ apparatus con- 
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structed by Doctor Charles G. Page, of Washington, which then 
was a novel instrument to me. I put the question to Dr. Page to 
know what he did with such an instrument; his answer was: “I 
talk with it, itis my talking machine.” That is the way he ex- 
pressed himself. 

4Q. I want you to fix as definitely as possible the time of this 
conversation with Mr. Holcomb, and give your reasons for so fixing 
the time? 

A. My business relations with Dr. Bradley ceased some time in 
1863, and these interviews must have been prior to that. I think it 
was in 1861 or 1862, certainly not later than 1863. 

5 Q. If you remember any more details as to what was said by 
Mr. Holcomb or Dr. Bradley with reference to the purpose of the 
instrument or its capacity in the transmission of speech, please give 
them ? : 

A. There was a discussion occurred at the time about these in- 
struments. I expressed a desire to understand how and in what 
manner he proposed to make this communication at a distance ; he 
being an electrician as well as myself, says: “You understand, un- 
doubtedly, that any variation of the distance of the armature from 
the poles of the magnet would induce, or does induce, a current of 
electricity in the wire of the spools connected with the poles of the 
magnets.” He explained to me that the vibrations of the diaphragm 
in connection with the armature would produce the variations of 
distance spoken of, thus obtaining a current of electricity, and that 
the current itself being variable, thus produced, would produce cor- 
responding vibrations, if another instrument placed at a remote 

point in a circuit. 


Adjourned till December 4th, 1884, at 11 A. M. 
J. A w. 


Special Examiner. 
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29 Wau Sr., New York, Dec. 4, 1884, 11 A. M. 


Present—Mr. Pecxnau and Mr. Knox, Counsel for Defendants ; 
Mr. Dickerson and Mr. Curtis, Counsel for Complainants. 


Deposition of Gzonce W. BAA, resumed : 
CROGS-EXAMINED BY Mr. DICKERSON : 


5 x-Q. You say that Dr. Bradley introduced Mr. Holcomb to you 
“at your works at College Point, Long Island.” Describe your 
works at College Point, Long Island, where they are situated, what 
business was carried on at your works and who were your employ- 
ees engaged in the work therein ? 

A. I made an arrangement October, 1858, with Charles M. Keller, 
who had been my attorney, to go to College Point for the purpose 
of forming a business connection with Conrad Poppenhousen, for the 
purpose of developing the manufacture, and operating machines and 
other matters connected with improvements that I had made in the 
production of the electric current and its uses, and a business ar- 
rangement was formed in pursuance of that conversation, ang a 
company was formed, called the Beardslee’s Magneto-Electric 
Company.” Each party, Mr. Poppenhousen, Mr. Keller and myself, 
were joint owners in that company ; our business was the construc- 
tion of machines and batteries for the purposes of producing the 
electric current, and the use of such currents for the production of 
electric light, electro metalurgy, electro deposition of metals, for tel- 
egraphs, torpedo operations and uses, and for all the purposes for 
which electric currents were then known and used. The men were 
employed by the company, myself receiving a salary. I would add 
to that answer that my works at first were in the rubber factory of 
Poppenhousen, the first year; and the next year a place was fitted 
up remote from the factory about five hundred feet, in a building that 
had been occupied as a dwelling, in which was placed a steam en- 
gine and a foundry built in addition. At this factory—we called it 
factory—all my interviews with Dr. Bradley and Mr. Holcomb took 
place. We coated with metal, by means of the electric current, and 
metallic both, with silver, copper and other metals, nickel, and ex- 
tensively combs, rubber combs, and other articles of rubber manu- 
facture, hard rubber. We also made large depositions of copper by 


making electrotypes. During these KE of clestocigging © 
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gentleman of the name of L. L. Smith, an electrotyper of New 
York, used our machines for the purpose of electrotyping. : 

6 x-Q. What machinery did you have in your works, when they 
were in the dwelling house you spoke of? 

A. We had all the machinery used ordinarily in a machine shop, 
and also a great variety of electric current producing machines 
which had been manufactured by us, and also the requisite machin- 
ery to carry on a foundry. 

7 x-Q. Enumerate as nearly as you can the machinery which 
you had in this dwelling house which constituted the works of this 
Electric Company? 

A. We had engine laths, drills, boring machines, planers, grind- 


‘stones, circular saws, buffing machines, emory wheels; we also had 


in Gperation a great variety of current producing machines, blower 
in the foundry, and a twenty horse-power engine, and also a one 
horse-power engine. 

8 x-. What year was it that yuu saw Holcomb at College 
Point ? 

A. Between the years 60 and 63. 

9 x-Q. Can't you fix it any nearer than that? 

A. I cannot. 

10 x-Q. Did he say anything about a patent on the subject 
matter about which he talked to you? 

A. I don’t remember that he did. 

11 x-Q. Did he talk to you about the shape of the magnet in 
the shaping of which he had great difficulty ? 

A. He did. 

12 x-Q. Look at the letters patent No. 32,478, dated June 4th, 
1861, and say whether the magnet shown in the drawing of that 
patent is the one about which he talked to you? 

A. Thé form, configuration is the same; but the one I saw, the 
heel was longer in proportion to the projecting poles. 

13 x-Q. Was the machine that he showed you similar to the one 
shown in that patent? 

A. It bore some resemblance to this, but was not a relay, as this 
evidently is. The armature was divided; it opened and closed 
by the vibratory action of the diaphragm. 

14 x-Q. Dr. Page was a gentleman of considerable scientific 
reputation and a discoverer in the early history of discovery of 
electrical apparatus, whose contributions to scientific literature on 
that subject were well known ; wasn’t he? 
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A. He was pre-eminently so, and communicated to the public, as 
a general rule, perfected discoveries that he made. 

15 x-Q. Did he communicate to you, when he showed his elec- 
trical telephone several years before 1860, either confidentially or 
otherwise, why he hadn’t published to the world that he had a talk- 
ing electrical telephone in the Patent Office at Washington? Or, 
did he tell you that he had made that publication and it had 
perished ? 

A. He did not. 

16 x-Q. Haven't you claimed, at some time, that you were the 
inventor of the electric talking telephone, before the date of Bell’s 
patent? 

A. I have no recollection of making any such claim. The first 
knowledge I ever had of the device was from Dr. Page and from 
Mr. Holcomb. I will add to that answer that I did make something 
that might be called a telephone, a hollow cup; stretched a dia- 
phragm of bladder on one end, and attached a string to connect the 
two together from the centre of the diaphragm, with which we held 
a conversation together at a distance. This was prior to 1860; I 
cannot give the year. 

17 x-Q. Did you mention to Holcomb that the electric telephone 
similar to the one he had was well known to you, having seen it in 
Dr. Page’s possession ? 

A. I have no recollection of doing so; but I might have done it ; 
might have made the remark. 

18 x-Q. At any rate, when Mr. Holcomb showed you his machine 
and told you what he had done, it was not a matter of surprise to 
you that a man should have an electric telephone, having already 
seen it several years before. Is that so? 

A. I don’t think he had told me what it had done, but what it 
could do, I think was his expression, or what it had done. He 
seemed to be a little secretive about it, as if he didn’t want to let 
me know too much. I will add to that answer, that I drew my own 
conclusions with regard to what it could do, on examining the ma- 
chine. 

19 x-Q. When Bell’s telephone became public in 1876, did it 
strike you as a matter of surprise or novelty, or as a thing that you 
were familiar with since you saw Dr. Page's telephone? 

A. Ihave no recollection of seeing such a publication at the 
time named, nor have I any recollection of ever having seen either 
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a Bell telephone or a description of the telephone, until it was 
brought out by the recent trial. 

20 x-Q. Where were you living from 1876 to 1884 ? 

A. The same place I now reside, 314 Greene avenue, Brooklyn. 

21 x-Q. Being an electrical engineer, as you say you are, how do 
you acoount for the fact that during all those years you had no 
knowledge respecting the Bell telephone? 

A. Well, I was partly engaged in other pursuits, involving elec- 
trical developments and the use of the electrical current. I took 
but little interest in developments of that nature, but did go to see 
Edison’s phonograph, from the fact I had read an account in 1863 
of a similar instrument, or I suppose to be similar, made by M. 
Scott, of Paris, France, which I made an attempt to investigate 
while in Paris in 1866. 

22 x-Q. Did you find them to be similar? 

A. I did not succeed in my investigations. Mr. Scott was then 
absent from Paris, but I subsequently learned that his process sim- 
ply recorded signs, I think, upon a smoked glass, made by the vi- 
brations of the diaphragm ; which vibrations were made by the hu- 
man voice or other sounds; while the Edison instrument made in- 
dentations upon foil. 

23 x-Q. And, so far as you know, that is substantially the differ- 
ence between the two things? 

A. Not entirely. The sounds could not be reproduced by Mr. 
Scott’s process, while they were by Edison’s. 

24 x-Q. When you did hear of the Bell telephone, did it strike 
you as anything very remarkable, in view of Dr. Page's telephone? 

A. It did not, from the fact that I had myself made, immedi- 
ately following my interview with Holcomb, several organizations to 
test to my own satisfaction whether Holcomb was correct or not in the 
claims which he had made for his instrument. I made a pair of in- 
struments which I now have on hand, which demonstrated that the 
human voice could be conveyed by the means pointed out by him, 
which was a little more effectual for short distances which I tried 
them, than the bladder diaphragms I had made and used before ; 
but I saw nothing in the use of them, so far as I tested them, that 
that would demonstrate the construction of such instruments, to 
operate at great distances, and therefore regarded them as a mere 
toy. 


\ 
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25 Re-d. Q. You say you now have instruments you made after 
your interview with Mr. Holcomb; have you them here with you? 
A. I have one of the pairs which I then made here with me. 

26 Re-d. Q. Please produce it and let us see it? 

A. I now so produce it. 

27 Re-d. Q. Please describe the instrument, its several parts and 
mode of operation? 

A. The instrument contains permanent magnets asin the Holcomb 
machine. This permanent magnet is formed by seven rings of cast 
iron prepared to retain magnetism and charged on their opposite 
sides with opposing poles. On one of the poles is mounted a very 
fine open wire spool, made by Bradley ; over the spool, in an iron 
frame, is a thin diaphragm of iron, with a chamber and a mouth- 
piece above it; the opposite pole from that upon which dhe spool is 
mounted is connected with a diaphragm through the iron adjusting 
screw, the opposite adjusting screw being of brass, or non-magnetic 
substance. These adjusting screws performed the function, as 
shown in the Holcomb instrument, to regulate the distance of the 
diagram from the pole of the spool. The call in this instrument, as 
now exhibited, is made by a ratchet wheel, revolved by a crank, 
which operates upon a steel spring firmly fixed to the diaphragm. 
This device wa not shown in the Holcomb’s machine, but was put 
into this instrum. by me some eight or nine years ago. Prior to 
that I had used wh. * is called a toot-horn to make a call. I think, 
at the same time, . -eplaced the diaphragm, which had become 
rusted out. 

| 28 Re-d.Q. When did you make that instrument, as it now 
. device Ser a call, end ensegt Che septncing of the 
diaphragm ? 

A. Subsequent to my interview with Mr. Holcomb, and prior to. 
1865. I can’t fix the preise date. I went to Europe in 1865, in 
July. 

29 Re-d. Q. I understood you to say that that instrument is one 
of a pair made at the same time. If I am correct, please state 
whether you used the pair with which to communicate, and if so, 
how they were connected, where they were respectively placed, and 
with what results ? . 

A. I omitted in my description two binding screws which are con- 
nected with the terminals of the spools. I have at my house the 
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mate of this instrument made in the precise manner that this is. I 
have had them connected together by wires, not exceeding, how- 
ever, more than about a hundred feet apart, through which calls 
were made and conversation carried on, which was a little more dis- 
. tinct than by the bladder diaphragm instruments I have before 
named. 

30 Re-d. Q. When did you have such conversation with the pair 
connected together, and where ? 

A. At my house in College Point, prior to 1865, and since at my 
house, 314 Greene avenue, Brooklyn. I have not, however, had 
them connected for the last five or six years, at all. 


The testimony of the — a 
as not being in issue on this case. 


31 Red. Q. Please state whether the operation of those instru- 
ments was by means of electrical currents, or otherwise ? 

A. The vibrations of the diaphragm to and from the pole of a 
permanent magnet, as organized in this machine, induces in the in- 
sulated wire of the spool, Faradayic or induced impulses of electric- 
ity. The operation was by electrical currents. 


The said instrument produced by the witness offered in 
evidence by defendants’ counsel and marked “ Exhibit 
Beardslees’ Holcomb Telephone,” J. A. W., Special Examiner 
December 4th, 1884. 

Same objection by complainants’ counsel. 

Gro. W. Brearpa.zs. 


Subscribed and sworn to before 
me this 4th day of December, 
1884. 
JosEPH A. WELCH, 
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The deposition of Many W. Frron, a witness called and sworn 
on the part of the defendants. 


EXAMINED BY Mr. PeckHam: 


1 Q. What is your name, age, residence and occupation ? 

A. My name is Mary W. Fitch; residence, Farmingdale, Long 
Island; my age is forty-three. I have no special occupation. 

2Q. You are married? 

A. Yes, sir; my husband is still living. 

3 Q. Did you know Dr. Bradley in his lifetime ? 

A. Yes, sir. 

4 Q. What was his full name? also, give the date of his death, as 
near as you can. 

A. His name was Loveritt Bradley. I cannot give the exact 
date of his death ; I think it was in 1874, but I am not sure. 

5 Q. Please state whether he was any connection of yours, and 
when and how long and under what circumstances you knew him. 

A. He was my step-father, and he came to board with my 
mother, I think, in 1860, and I knew him well until he died. 

6 Q. When did he marry your mother? 

A. About 1867, I think. 

7 C. Did you ever hear Dr. Bradley speak of a Mr. Holcomb ? 

A. I did. | 

8 Q. Please state when and where it was and what he said. 


Objected to as not competent evidence. 


A. As near as I can remember it was in the fall of 1860 or 

spring of 1861, soon after we moved to Jersey City, where he had 

his shop. He spoke of a Mr. Holcomb making or inventing a talk- 

ing instrument or talking machine, and seemed very much elated. 
9Q. What kind of a shop? 

A. For making electrical instruments; naked wire for magnets 
for telegraph instruments. 

10 Q. How do you fix the time when you heard this conversa- 
tion of Dr. Bradley? 

A. I remember the room that I was in at the time that I heard 
him speak of it; it was a room we had used for a kitchen ; some 
months after we moved there we had a room partitioned off one end 
of it, and it was before that room was built. The man that had the 


430 EVIDENCE FOR DEFENDANTS. 


lower floor was a furniture dealer, and at the time of which I speak 
had furniture stored in that room. It had to be removed for our 
room to be built, which was done very soon after we moved there ; 
within a few months. I remember the furniture was in that room 
at the time this conversation took place. | 


11 Q. What was the date of your marriage? 

A. April 3d, 1864. 

12 Q. After your marriage did you continue to live at home, or 
did you move elsewhere ? 

A. I lived home two years. 

13 Q. Can you tell whether this conversation occurred after you 
were married, or before? 

A. Several years before —a year or two before; I can't remem- 
ber exactly, because I have had a great deal of trouble, and all these 
things have passed out of my mind ; it was recalled by a chance con- 
versation or I should not have thought of it again. N 


CROS8S-EXAMINED BY Mr. DICKERSON : 


14 x-Q. What was Dr. Bradley’s profession? 


A. He was an inventor. 

15 x-Q. Didn’t he have any regular business 7 

A. Nothing more than making up the telegraph instruments 
upon which were used these naked wire magnets, which were his 
invention. 

16 x-Q. In what year did you move to Jersey City? 

A. 1860. 

17 x-Q. Between whom was this conversation that you now re- 
member ? 

A. Dr. Bradley and my mother and myself. 

18 x-Q. State exactly what Dr. Bradley said and what your mo- 
ther said and what you said, as near as you can remember? 

A. I don’t remember saying anything myself, or of hearing my 
mother say anything. I remember the doctor saying he had seen a 
talking machine, and could hear words distinctly; that it was a 
grand thing, and he thought it would be a — success. That is 
about all I remember. 

19 x-Q. Didn’t he mention the name of any one as having in- 
vented it ? 

A. He mentioned Mr. Holcomb. 
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20 x-Q. Were you acquainted with Mr. Holcomb at that time? 

A. No, sir; I never saw him. 

21 x-Q. You said that Dr. Bradley seemed very much elated dur- 
ing that conversation. Will you describe to the Court his appear- 
ance, which led you to make that remark, and what Dr. Bradley did 
that showed that he was very much elated ? 

A. I remember he walked up and down the room while talking, 
rubbing his hands and talking very fast. 

22 x-Q. About how long did he continue rubbing his hands and 
walking up and down the room and talking very fast ? 

A. I don’t remember. 4 

23 x-Q. You have told us that he said about twenty words. Did 
he say any more when he was talking very fast and walking up and 
down the room, rubbing his hands ? 

A. I don’t remember anything more. 

24 x-Q. Do you remember any other conversation of his twenty- 
four years ago, on that occasion or near that time ? 

A. No, sir; I do not. 

25 x-Q. After this had all passed out of your mind, whose chance 
conversation was it that recalled it to you, and when and where was 
that? 

A. Conversation with my husband at our house in Farmingdale 
last summer 

26 x-Q. Who is your husband, and what is his occupation ? 

A. Frederick K. Fitch, maker and repairer of telegraph instru- 
ments. 

27 x-Q. Where is his place of business ? 

A. No. 40 Cortlandt street. 

28 x-Q. What does he have to do with telephones ? 

A. I do not know. 

29 x-Q. Does he manufacture electrical apparatus himself, or is 
he in the employ of others ? 

A. He manufactures them himself. 

30 x-Q. Who was present at this chance conversation besides 
your husband and yourself? 

A. My husband's brother, David Fitch. 

31 x-Q. Now repeat the conversation as it occurred, and what 
each one said ? 

A. My husband asked me if I remembered hearing Dr. Bradley ever 
speak of Mr. Holcomb; I told him I did; he asked me if I heard 
him speak of a talking machine, an invention of Mr. Holcomb’s ; I 
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said I did, but had forgotten it until the name Holcomb recalled it; 
he asked me if I ever saw Mr. Holcomb ; I said I did not; he asked me 
if I remembered at what time I heard the Doctor speak of this ma- 
chine ; I told him, soon after we moved to Jersey City—as near as I 
could remember, the fall of 1860 or spring of 1861 ; he told me of a 
lawsuit, between whom I can’t remember, and I thought no more 
about it until I saw Mr. Gannon. 

32 x-Q. Did he tell you how he was interested in that lawsuit ? 

A. No, sir. | 

33 x-Q. In what business is your husband's brother David? 

A. He is out of employment. 

34 x-Q. What is his business when he in employment ? 

A. Clerk. 


Mary W. Frron. 


this 4th day of December, 1884. 
JOsEPH A. WELCH, 
Special Examiner. 


Defendants rest, reserving the right to prove certain experiments { 
now being made by Prof. Brackett and assistants, and also to put in 
the depositions of certain foreign witnesses, respecting which a stip- ¢ 
ulation is to be made by Mr. Peckham and Mr. Dickerson. 
December 4th, 1884. 8 
JosEPH A. WELCH, 
Special Examiner. 
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At a Stated Term of the Circuit Court of the United 
States, held at the Post Office Building, in and for 
the Southern District of New York, on the 7th 
day of October, 1884. 


Present—Hon. WIIAX J. WALLACE, Judge. 


| AMERICAN BELL TELEPHONE COMPANY 
ET AL., 
Complainants, 
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AGAINST 


Tun MoLEcULAR TELEPHONE CoMPANY, ; ' 4 1 
and others, 3 
Defendants. 


* E — 


This cause having come on to be heard on a motion by 
defendants, duly noticed, for Commissions, after hearing the coun- 
sel for the respective parties, and due deliberation having been 
had thereon, on motion of Miller, Peckham & Dixon, solicitors for 
defendants, it is ordered, that commissions issue in this action out of 
and under the seal of this Court, one thereof directed to Lorin A. 
Lathrop, Esq., United States Consul at Bristol, England, to examine 
under oath, upon interrogatories to be annexed thereto, Thomas 
Ballard, of Bristol, England, Stephen M. Yeates, William Rigby, 
John Rigby, A. M. Vereker and Dr. William Frazer of Dublin, Ire- 
land ; and the other thereof directed to Ferdinand Vogeler, Esq., 
United States Consul at Frankfort, Germany, to examine under oath, 


7 upon interrogatories to be annexed thereto; Dr. F. Ehren and Dr. 
Thomas Stein, of Frankfort, Germany, witnesses on behalf of the 
defendants, in both which complainants will be at liberty to join. 
Ordered, that complainants have ten days after notice of the fil- 
ing of defendants’ interrogatories within which to file cross-interro- 
4 gatories ; and that, upon the filing of said cross-interrogatories within 
. said ten days, or in default thereof, that said commissions issue. 


Wu. J. WALLACE. 
[ ENDORSED: ]} 


U. S. Circuit Court, Southern District, of New York. American 
Bell Telephone Company et al., vs. The Molecular Telephone Com- 
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pany and others. Order for Commissions. ‘Miller, Peckham & 
Dixon, solicitors for defendants, 29 Wall Street, New York. United 
States Circuit Court. Filed October 7th, 1884. Timothy Griffith, 
Clerk. 


A 
8 8 GRIFFITH, 
(SEAL. ] | Clerk. 


UNITED STATES CIRCUIT COURT. 


THe AMERICAN BELL TELEPHONE 
CoMPANY ET AL. 


AGAINST * 


THE Mo.LecutaR TELEPHONE Con- 
PANY and others. 


| 


It is hereby stipulated that the interrogatories and cross- 


interrogatories, and the respective answers thereto, administered to 
and answered by the witnesses Thomas Ballard, of Bristol, England ; 
William Frazer, of Dublin, Ireland; Stephen M. Yeates, of Dublin, 
Ireland; A. M. Vereker, of Dublin, Ireland; John Ehren, of 
Frankfort-on-the-Main, Germany ; Theodore Stien, of Frankfort- 
on-the-Main, Germany, under a commission duly issued by the 
Circuit Court of the Unsted States for the District of New Jersey, 
in a suit wherein The American Bell Telephone Company was 
plaintiff, and The Overland Telephone Company defendant, shall be 
considered and regarded, and shall be printed as testimony in this 
suit, together with this stipulation. 

It is, however, understood and agreed that in case any part of 
such testimony is, by order of the Court, on adversary proceedings 
suppressed, such part thereof so suppressed shall be regarded and 
considered as suppressed i in this suit. 

Dickerson & DICKERSON, 
Compl't's Sol'rs. 
Mn zn, Pecxuam & Dixon, 
Def t's Sol'rs. 
December 27, 1884. 
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UNITED STATES CIRCUIT COURT, 
DistricT oF NEw JERSEY. 


Tae AwmeEricaAN BELL TELEPHONE 
ComPANY 
AGAINST In Equity. 
THE OVERLAND TELEPHONE COMPANY 
or NEw JERSEY. 
; Sr. James’ Hort, No. 77 PiccaDmy, 
° LONDON, ENGLAND, 
SaTurDAY, JULY 19th, 1884. 


Answers to interrogatories to Thomas Ballard, of Bristol, Eng- 
land, named in the foregoing commission—a witness produced 
before the Commissioner for examination on the part of the 
defendants in the above-stated cause. 


The witness having been sworn by the ceremony in answer to 
defendant’s first direct interrogatory, which is as follows : 


State your name, age, residence and occupation, said : 

Thomas Ballard ; age, thirty-eight and one-half years ; residence, 
Bristol, England ; occupation, philosophical intrument maker. 

In answer to the defendant's second direct interrogatory which 
is as follows: 

Where did you live in 1865, and what was your business at 
that time ? 

The witness said: 

Dublin, Ireland ; my business at that period was apprentice to 
Mr. Horatio Yeates, of Dublin, who was a philosophical instrument 
maker. 

In answer to defendant's third interrogatory which is as follows: 

If you say that during that year you were apprenticed to 


Mr. Stephen M. Yeates, an instrument maker, in Dublin, Ireland, 


state whether you were present at any telephone experiments made 
by Mr. Yeates during that year. 
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te. 


The witness said : 
I was not apprenticed to Mr. Stephen Yeates, but to Mr. Horatio 
Yeates, his brother, who carries on the same business in Dublin. 
Mr. Horatio Yeates kept a workshop principally, and we did most 
of Mr. Stephen Yeates’ work, which necessitated going backward 
and forward between the two houses very often, at least every day. 

I was present at telephone experiments in my capacity as an 
apprentice. I believe I was present when most of the important 
experiments were going on, but being an apprentice could not give 
a great deal of attention to the experiments. 

In answer to the defendant's fourth interrogatory, which is as 
follows : 

If you were present at such experiments, state in what capacity 
you acted, and what part you took in such experiments, the nature 
of the instrument used, and the general results of the experiments 
and the circumstances connected with them so far as you can recall 
them. 

The witness said : 

I was present and acted as an apprentice. I took no active partin 
the experiments, but probably assisted in them, without being exactly 
aware what part of the work I was performing. The instrument 
used was Reis’ early instrument. That I can state positively, be- 
cause I paid great attention to the instrument, and had an opportu- 
nity of examining it, and did so. I did not only recognize the in- 
strument from drawings which I saw in the German book, Defend- 
ant's Exhibit Volume 2 of Das Buch der Enfindenungen, but I rec- 
ognized the drawings I saw there from the recollection I have of the 
instrument, and I am quite positive that it was a Reis instrument. 

I firmly believe that the instrument was at Mr. Yeates’ in Dub- 
lin more than a year before 1865; I will positively swear it was there 
more than 18 months prior to 1865, and I think it must have been 
there two years before 1865. That is when I saw the instrument 
first. I saw it frequently. 

In 1865 my master, Mr. Horatio Yeates, having removed his busi- 
ness to London, I worked for Mr. Stephen Yeates for three or four 
months as a temporary help, while his brother started a fresh busi- 
ness in London. 

In 1865 I have a distinct recollection that the telephone ques- 
tion came up again, and that is what makes me so certain of the 
thing laying in abeyance for some time. In the latter part of 1865 
the transmission of articulate speech by the Reis telephone was a 
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common subject of conversation amongst people in Dublin and 
amongst Mr. Stephen Yeates’ hands. I had conversations with a 
workman, Mr. Charles Hales, who I believe is now dead, who did 
most of Mr. Stephen Yeates’ electrical work, and who assisted in 
the experiments I speak of, and with others in the house in the lat- 
ter part of 1865, about this matter of the Reis telephone being made 
to speak. 

The general result of the experiments was that it was an ac- 
knowledged and accepted fact among Mr. Yeates’ workmen ; that 
Mr. Yeates had made Reis’ telephone speak, and when Mr. Bell's 
telephone came up in 1876, it was a common thing among the men 
to say that Mr. Yeates had got Reis’ telephone to speak ten or 
twelve years before, and Mr. Bell’s telephone did not astonish me in 
the least. 

In answer to defendant's last direct interrogatory, which is as 
follows : 

Do you know or can you set forth any other matter or thing 
which may be of benefit or advantage to the parties at issue in this 
cause or either of them, or that may be material to the subject of 
this your examination, or the matters in question in this cause? If 
yea, set forth the same fully and at large in your answer. 

The witness says : 

I can only say this, that in the winter of 1867-1868, Mr. Stephen 
Yeates visited his brother, Mr. Horatio Yeates, in London, and they 
had a conversation in the workshop. I was present and heard the 
conversation. Among other things the conversation turned on the 
Reis telephone experiments, and what struck me and makes me re- 
member the thing particularly is that I heard Mr. Stephen Yeates 
distinctly mention the use of a drop of water at the contacts. I did 
not know what it meant then, but of course nowI do. That drop 
of water at the contacts would be calculated to make the instru- 
ment speak, and I believe now from what I know about telephones 
(and I know a great deal) that that drop of water referred to the 
drop of water at the contacts, I believe that instrument could be 
made to speak with a drop of water then. But I have heard the 
Reis instrument speak in its simple form, within the last two or three 
weeks in my own shop. At the same time I am convinced that the 
instrument did speak in 1865, for at that time there were assemblies of 
scientific men in Mr. Yeates’ shop, and I have heard the conversa- 
tion turn on the point of the Reis instrument having spoken, and 


speculating as to how it might have happened. 
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is as follows: Since the publication of your first edition have yoy 
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When I speak of the Reis instrument speaking in my shop with- 
in the last two or three weeks I mean the Reis transmitter; I do 
not mean to say that, that with the Reis musical receiver the instru- 
ment can be heard to speak, and I mean to use the Reis transmitter 
with an ordinary Bell receiver. When the news of the Bell tele- 
phone first reached Dublin I had a conversation with Mr. Farley, 
who in the year 1868 did business in part of house occupied by Mr. 
Yeates, and he stated to me that in the year 1865 he had distinctly 
heard the Reis telephone talk ; he is now dead. 


CROSS INTERROGATORIES. 


In answer to the complainant’s first cross interrogatory which is 
as follows: Are you not the author of the book entitled Elementary 
lessons on Electricity and Magnetism, by Silvanus P. Thompson, B. 
A., 1881, and are you not the author of the fifth edition of that 
book published in London by Macmillan & Co. in 1884, and annex 
copies of the two editions to your depositions ?—the witness said : 

No. 

In answer to complainant's second cross-interrogatory which is as 
follows: Assuming that you will swear in reply to 23d interrogatory 
that the several Reis publications with which you were familiar prior to 
1876, were sufficient to have instructed a person skilled in the art of 
telephony how to construct an apparatus and how to use the same 
for the production of articulate speech. Will you explain to the 
Court why you did not know that in 1881, when you published the 
435th paragraph, page 400, in your book on Electricity and Magnet- 
ism, that in 1876 Graham Bell invented the articulating telephone,” 
and why in the index of that book you say Telephong, Graham Bell, 
articulating, and why in that same book in the 434th paragraph you 
described Reis Telephone in the manner which you did?—the wit- 
ness said: 

I know nothing about that. 

In answer to the complainant's third cross-interrogatory which is 
as follows: Between the date of the first edition of your book and 
the fifth, did you not take out two British patents. The first num- 
bered 2578, dated May 31st, 1882, and the second numbered 3803, 
dated August 9, 1883?—the witness said : 

I know nothing about that. 

In answer to the complainant's fourth cross-interrogatory, which 
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not become associated as consulting electrician for the London & 
Globe Telephone and Construction Co.—a corporation working in 
opposition to the United Telephone Company, representing the. in- 
vention of Graham Bell in England, and does not your name appear 
in the advertisements of that company, as one of its officers ?—the 
witness says: | 
I know nothing about that. : 
In answer to the complainant's fifth cross-interrogatory, which 
is as follows: Were you not a witness for the defendants in this case 
; of the United Telephone Company (limited) against Harrison, Cox, 
Walker & Co., in the High Court of Justice, Chancery Divison, in 
which judgment was delivered May 10th, 1882?—the witness said : 
No, sir. 1 
| In answer to the complainant's sixth cross-interrogatory, which „ 14 
is as follows: In that case did you not testify as is reported in the ee 
“ Electrical Review” (London), May 25th, 1882, and as follows: ie. 


Professor Thompson considered that the change in the resist- 4 
“ ance which took place in carbon under pressure was due to surface . Sea 
contact, only his own experiments proved that the pressure only a 
increased the area of the surface contact. Reis's transmitter was 
intended by the inventor to work as a make and break contact 1 
“ instrument, and the inventor expected it to produce articulate sd . 
“ speech by this action. As a matter of fact, Reis did obtain artic- 11 
“ ulate sounds, but this was when the instrument worked in a man- 2 
“ner which it was not intended it should. Professor Thompson 
“ was not aware that, prior to Bell’s patent, anybody had written to 
: “ the effect that Reis's transmitter acted in any other way than as a 
& % make and break instrument. The witness had himself heard a 
| Reis instrument transmit articulate speech.” And did you not tes- 
: tify to the same effect ?—the witness said : 
I did not. 
In answer to the complainant's seventh cross-interrogatory, 
| which is as follows: Are you not the author of a book entitled 
“Philipp Reis, inventor of the Telephone, by Silvanus P. Thomp- 
son, B.A., London, 1883 ?”—the witness said: 2 

No. 5 25 : 

In answer to the complainant’s eighth cross-interrogatory, which 5 2 11 
is as follows: In that book, page 41, you say, As far as Professor ee FS 
Dolbear is concerned, therefore, he admits in unequivocal terms the 1 
whole claim of Reis to be the inventor of the telephone.“ Did you 
not know when you published that statement, that Professor Dol- 
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bear was interested in the defense of a suit in the United States, 
which the American Bell Telephone Company was complainant, and 
Dolbear and others defendants, in which the defense was in part 
founded upon the assertion that Philipp Reis was the inventor of 
the telephone, and in which the inventions of Philipp Reis were 
used to limit the scope of Bell's patent ?—the witness said: 

No. 

In answer to the complainant's ninth cross-interrogatory, which 
is as follows: Did you not know that Albert Stretson, named in the 
preface of that book, was the agent of and employed by Professor 
Dolbear, as the defendant in that case, to collect the, evidence of 
Reis’ invention, for the purpose of maintaining the defense, and did 
not you consult with and assist said Stretson in his effort in that 
direction ?—the witness said: 

No. 

In answer to the complainant's tenth cross interrogatory, which 
is as follows: Who besides yourself contributed money to the pub- 
lication of the book, and the procuring of the information contained 
in it, entitled Philipp Reis, inventor of the Telephone ?”—the wit- 
ness said : 

I know nothing of that. 

In answer to the complainant's eleventh cross-interrogatory, 
which is as follows: Did you not know that that information was 
_ procured in part, at least, by persons acting for the defendants, who 
were defending against the Bell patent in the United States, and 
that one object of the publication was to discredit Professor Bell as 
the inventor of the articulate telephone ?—the witness said: 

I know nothing about that. 

In answer to the complainant’s twelfth cross-interrogatory, 
which is as follows: Does the paragraph entitled Third Form, the 
Electro-magnet Receiver, on the 30th page of that book, contain a 
true statement of the operation of the electro-magnet receiver of 
Reis, a diagram of which is found on the 32d page ?—the witness 
said : | 

I do not know the book, consequently I cannot answer the 
question. 

In answer to the complainant's thirteenth cross-interrogatory, 
which is as follows: In the apparatus described by you in your two 
patents for the transmission of articulate speech, is not the method 
of that transmission by causing electrical undulations similar in 
form to the vibrations of the air accompanying the vocal sounds 
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Thompson, does not the strength of the electrical current vary 
“ continuously and as nearly as may be in simple proportion to the 
“ velocity of a particle of air engaged in constituting the sounds,” 
when your apparatus works to transmit articulate speech ?—the 
witness said : 

I know nothing about the matter. 

In answer to the complainant’s fourteenth cross-interrogatory, 
which is as follows: If you deny this, will you explain to the Court 
what you understand to be the relation between the current on the 
line wire and the movement of the particles of air when your ap- 
paratus speaks ?—the witness said: 

I know nothing about the matter. 

In answer to the complainant's fifteenth cross-interrogatory, 
which is as follows: Has any apparatus of yours, patented or 
otherwise, been used by any persons or corporations in Great 
Britain who are not licensed under the inventions of Bell or 
Edison ?—the witness said: 

No telephone apparatus of mine has been so used. 

The last interrogatory being again propounded to the witness he 
stated that he had nothing to add to * answer previously given 
thereto. 


(Sgd.) 
‘ Tomas Bailar. 
Sworn and subscribed be- 
fore me this 19th 5 
of July, 1884. 
S. D. OLIPHANT, 
Com., &c. 
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Districr oF NEW JERSEY. 


THE AMERICAN BELL TELEPHONE Cox - 
PANY 


AGAINST In Equity. 


THE OVERLAND TELEPHONE COMPANY 
or NEw JERSEY. 


Testimony taken at Dublin, Ireland, on Saturday the 26th day 
of July, 1884, before S. D. Oliphant, Esq., the Commissioner herein, 
on interrogatories filed pursuant to the order of the Court. 


WILLIAM FRAZER, a witness called on behalf of the defendants, 
being sworn, testified as follows in answer to the interrogatories 
propounded to him: 


1. In answer to defendant's first direct interrogatory, which is 
as follows: State your name, age, residence and occupation ?—wit- 
ness says: 

My name is William Frazer; I am 59 years of age, and reside at 
20 Harcourt street, Dublin; fellow and member of Court of Exam- 
iners, Royal College of Surgeons, Ireland; member of Council of 
the Royal Irish Academy ; fellow Royal Geological Society of Ire- 
land. 

2. In answer to defendant's second direct interrogatory, which 
is as follows: Are you acquainted with Stephen M. Yeates, an in- 
strument maker, in the City of Dublin, Ireland, and how long have 
you known him ?—witness says: 

Intimately for upwards of.30 years. 

3. In answer to defendant's third direct interrogatory, which is 
as follows: Did you know of any telephone experiments made by 
Mr. Yeates in 1865? If yea, state where and when such experi- 
ments were made, the nature of the instrument with which they 
were made, and the result of such experiments ?—witness says: 

The telephone was first shown me by Mr. Stephen Yeates at 
a méeting of the Dublin Philosophical Society, held in November, 
1865, at his brother’s, Horatio Yeates, 13 Leicester street, Dublin ; 
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he explained its construction and some modifications which he sug- 
gested and carried out. The transmitter was taken upstairs to a 
room and the receiver placed in the hall, where I heard the voices 
of different speakers and recognized them. I also heard portions of 
musical airs, of which I recollect Home, Sweet Home, Jump Jim 
Crow, and God Save the Queen. The sentences were short, such 
as: WhoamI? Do you hear me? Who is speaking now? The 
replies were made through the medium of a person standing in the 
lobby, who communicated the answers to those inside the room. 

For the scientific description of the instrument used I would re- 
fer to Mr. Yeates. 

4. In answer to defendant’s fourth direct interrogatory, which is 
as follows: Did you take any part in making such experiments, and 
if so, state fully the circumstances connected with them, and give 
the names of any other persons who took part in such experiments? 
—witness says : 

I was so interested in these experiments that at my request 
Mr. Yeates publicly exhibited the instrument at a Conversatione 
held in the Rotunda on Tuesday, November 22d, 1865, for the 
Young Men’s Central Association, in connection with the Presby- 
terian Church. Mr. Tuke took charge of the telephone, which was 
first placed in a side room and afterwards the receiver was removed 
to the centre room to permit a greater length of wire and enable 
more persons to hear it in action. It was in constant use during 
the evening, and as I had it and other scientific objects under my 


immediate charge, it was my duty to direct our visitors’ attention to 


it. I refer to the advertisement of this meeting in Saunder News 
Letter,” of 20th November, 1865, and to a notice in it of the persons 
present, in the issue November 22d ; amongst them were the Lord 
Mayor, Mr. Green, afterwards Member of Parliament, and Recorder 
of Derry; the late Dr. Moore, Curator of our Botanic Gardens; the 
Presbyterian Minister of Dublin, and the Rev. Dr. Watson, of 
Limerick ; the moderator, the Rev. John Hall, now of New York, and 
several others. 

5. In answer to defendant's fifth direct interrogatory, which is 
as follows: Have you any written memoranda relating to such ex- 
periments made at the time; if so, state the circumstances under 
which such memoranda were made and annex a copy thereof to 
your deposition ?—witness says: 

My private note book for the year 1865 contains brief notes 
of the dates of this public nieeting and of the club meetings, which 
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enable me to refer to the notices in Saunder’s News Letter.” I kept 
no notes cf the special experiments, but distinctly recollect all the 
circumstances I have stated. The month October, given in my let- 
ter to Professor Silvanus Thompson, is an error and refers to a 
previous meeting of the club, as I find on careful search. 


Corr or Letrer or Marca rn, 1883. 


March Irn, 1883. 


Deak Sir—I am informed that you were present at the meeting 
of the Dublin Philosophical Society, in December, 1865, when 
„Reiss Telephone was shown by Mr. S. M. Yeates. 

As Iam about publishing a volume on the early telephone of 
Reis, I should be glad of any information you could give about that 
which occurred on that occasion. Mr. Yeates, who is my informant, 
thinks that you may perhaps remember the names of some of those 
who were present, and whose voices were heard through the tele- 
phone. If you can recall any of the words that were transmitted by 
the instruments, I should be very glad to hear of them, and whether 
they were distinctly articulated. Apologizing for intruding upon 
your attention, believe me : 

Tour obt. servant, 
Sytvanus P. Tompson. 


W. Frazer, Eso., M.D. 


A true copy of letter referred to by Dr. — in his answer to 
the 10th Cross-Interrogatory. 
July 26th, 1884. 
S. D. OLIpHanrt, 
Com., &c. 


Corr oF LETTER oF Marcu 13rn, 1884. 


Untv. Cot.., Bristot, March 13th, 1884. 
‘Dr. W. Frazer: 

Deak Sm— Pray accept my sincere thanks for your explicit 
account of the telephone experiments. I have only to ask that you 
will permit me to print your letter verbatim, amongst a number of 
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others I have received from Professer Tunike, Heidelburg, Dr. 
Messel, and others, in the volume which I am preparing concerning 
Reis invention. All the wood-cuts and practically all the letter-press 
is ready. I shall give myself the pleasure of sending you a copy 
when it is finished. Believe me, 


A true copy of letter referred to by Dr. Frazer in his answer to 
the 10th Cross-Interrogatory. 


July 26th, 1884. 
S. D. OLIPHANT, 


Com., &c. 


CROSS-INTERROGATORIES. 


In answer to the complainant's first cross-interrogatory which is 
as follows: Are you not the author of the book entitled Elementary 
Lessons on Electricity and Magnetism, by Silvanus P. Thompson, 
B. A., 1881, and are you not the author of the fifth edition of 


that book published in London by Macmillan & Co. in 1884, and 


annex copies of the two editions to your depositions ?—the witness 
said: . 
No, certainly not. 

In answer to complainant’s second cross-interrogatory which is 
as follows: Assuming that you will swear in reply to 23d interroga- 
tory that the several Reis publications with which you were familiar 
prior to 1876 were sufficient to have instructed a person skilled in 
the art of telephony how to construct an apparatus and how to 
use the same for the production of articulate speech. Will you 
explain to the Court why you did not know that in 1881, when you 
published the 435th paragraph, page 400, in your book on Elec- . 
tricity and Magnetism, that “in 1876 Graham Bell invented the 
articulating telephone,” and why in the index of that book you say 
Telephone, Graham Bell, articulating, and why in that same book 
in the 434th paragraph you described Reis Telephone in the manner 
which you did ?—the witness said: 

I know nothing of it. 

In answer to the complainant's third cross-interrogatory which 
is as follows: Between the date of the, first edition of your book 
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and the fifth did you not take out two British patents—the first 
numbered 2578, day, May 31st, 1882, and the second numbered 
3803, dated August 9, 1883?—the witness said: 

No. 

In answer to the complainant's fourth cross-interrogatory which 
is as follows: Since the publication of your first edition have you 
not become associated as consulting electrician for the London & 
Globe Telephone and Construction Co.—a corporation working in 
opposition to the United Telephone Company, representing the 
invention of Graham Bell in England, and does not your name ap- 
ee: pear in the advertisements of that company as one of its officers ?— 
* the witness says: 
= No. 

In answer to the complainant's fifth cross-interrogatory, which 
is as follows : Were you not a witness for the defendants in this case 
of the United Telephone Company (limited) against Harrison, Cox, 
Walker & Co., in the High Court of Justice, Chancery Division, in 
which judgment was delivered May 10th, 1882?—the witness said : 

No. 

In answer to the complainant's sixth cross-interrogatory, which 
is as follows: In that case did you not testify as is reported in the 
‘‘ Electrical Review” (London), May 25th, 1882, and as follows: 
„Professor Thompson considered that the change in the resist- 
“ ance which took place in carbon under pressure was due to surface 
contact, only his own experiments proved that the pressure only 
“increased the area of the surface contact. Reis's transmitter was 
“ intended by the inventor to work as a make and break contact 
instrument, and the inventor expected it to produce articulate 
“ speech by this action. As a matter of fact, Reis did obtain artic- 
“ ulate sounds, but this was when the instrument worked in a man- 
“ner which it was not intended it should. Professor Thompson 
„was not aware that, prior to Bell’s patent, anybody had written to 
“ the effect that Reis's transmitter acted in any other way than as a 
„make and break instrument. The witness had himself heard a 
„Reis instrument transmit articulate speech.” And did you not 
testify to the same effect ?—the witness said: 

. = In answer to the complainant’s seventh cross-interrogatory, 
as which is as follows: Are you not the author of a book entitled 

“Philipp Reis, inventor of the Telephone, by Silvanus P. Thompson, 

B. A., London, 1883 ?”—the witness said: 

No. 
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In answer to the complainant's eighth cross-interrogatory, which 
is as follows: In that book, page 41, you say, As far as Professor 
Dolbear is concerned, therefore, he admits in unequivocal terms the 
whole claim of Reis to be the inventor of the telephone.” Did you 
not know when you published that statement, that Professor Dol- 
bear was interested in the defense of a suit in the United States, 
which the American Bell Telphone Company was complainant, and 
Dolbear and others defendants, in which the defense was in part 
founded upon the assertion that Philipp Reis was the inventor of 
the telephone, and in which the inventions of Philipp Reis were 
used to limit the scope of Bell’s patent ?—the witness said: 

No. 

In answer to the complainant’s ninth cross-interrogatory, which 
is as follows: Did you not know that Albert Stretson, named in the 
preface of that book, was the agent of and employed by Professor 
Dolbear, as the defendant in that case, to collect the evidence of 
Reis’ invention, for the purpose of maintaining the defense, and did 
not you consult with and assist said Stretson in his effort in that 
direction ?—the witness said : 

No. 

In answer to the complainant's tenth cross-interrogatory, which 
is as follows: Who besides yourself contributed money to the pub- 
lication of the book, and the procuring of the information contained 
in it, entitled Philipp Reiss, inventor of the Telephone ?”—the 
witness said : 

I contributed no money; my letter to Sylvanus P. Thompson 
was in reply to a letter of his which I exhibit, but would prefer to 
keep it; I also produce his answer and will annex copies of both to 
my deposition. 

In answer to the complainant’s eleventh cross-interrogatory, 
which is as follows: Did you not know that that information was 
procured in part, at least, by persons acting for the defendants, who 
were defending against the Bell patent in the United States, and 
that one object of the publication was to discredit Professor Bell as 
the inventor of the articulate telephone ?—the witness said : 

Certainly not. 

In answer to the complainant's twelfth cross-interrogatory, 
which is as follows: Does the paragraph entitled Third Form, the 
Electro-magnet Receiver, on the 30th page of that book, contain a 
true statement of the operation of the electro-magnet receiver of 


Reis, a diagram of which is found on the 32d page ?—the witness 
said: 

I cannot answer the question. 

In answer to the complainant's thirteenth cross-interrogatory, 
which is as follows: In the apparatus described by you in your two 
patents for the transmission of articulate speech, is not the method 
of that transmission by causing electrical undulations similar in 
form to the vibrations of the air accompanying the vocal sounds 
uttered to the transmitter, or, in the language of Sir William 
Thompson, “does not the strength of the electrical current vary 
„continuously and as nearly as may be in simple proportion to the 
velocity of a particle of air engaged in constituting the sounds,” 
when your apparatus works to transmit articulate speech ?—the 
witness said : 

I cannot answer because I have no knowledge of the subject. 

In answer to the complainant's fourteenth cross-interrogatory, 
which is as follows: If you deny this, you will explain to the Court 


what you understand to be the relation between the current on the 


line wire and the movement of the particles of air when your ap- 
paratus speaks ?—the witness said : 

I repeat my last answer. 

In answer to the complainant's fifteenth cross-interrogatory, 
which is as follows: Has any apparatus of yours, patented or 
otherwise, been used by any persons or corporations in Great 
Britain who are not licensed under the inventions of Bell or 
Edison ?—the witness said : 


No. 
To the last interrogatory the witness says : 
No. 
(Signed) 
WLAN FRAZER. 
Sworn and subscribed be- 


fore me the 26th day of 
July, 1884. 
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UNITED STATES CIRCUIT COURT, 
District or New JERSEY. 


[In Equity.] 
THe AMERICAN BELL TELEPHONE Com- 
PANY 
AGAINST | 


THE OvEeRLAXD TELEPHONE 8 : 
or NEw JERSEY. 


Testimony taken before S. D. O.ipHant, Esq., the Commissioner 
appointed herein, by order of the Court of June 9th, 1884, at Dub- 
lin, Ireland, on Saturday, July 26th, 1884, on interrogatories filed. 


_ §repHen M. Yeates, a witness sworn in behalf of the defendants, 
in answer to the interrogatories propounded to him, testifieth as 
follows: 


1. In answer to defendant's first direct interrogatory, which is as 
follows: State your name, age, residence and occupation? — witness 
says: 

My name is Stephen M. Teates; I am 52 years of age, and re- 
side at 2 Grafton street, Dublin, Ireland; I am an optician. 

2. In answer to defendant’s second direct interrogatory, which 
is as follows: Have you been familiar with the manufacture of elec-. 
trical instruments and accustomed to make experiments with such 
instruments, and for what length of time and to what extent? 
witness says: 

I have been actively engaged in the construction of electrical 
apparatus and experimenting with the same for the last twenty- 
five years. 

3. In answer to defendant's third direct interrogatory, which is 
as follows: Did you, prior to 1865, obtain possession of a telephone 
of the form shown in the publications known as the “ Reis Pro- 
spectus,” and did you make any experiments with that instrument ; 
and if so, at what time and under what circumstances and with 
what results ?—witness says: 


2 1 - 
ee kt ee * * 
hae ‘ 1 . a 
* ne * XK 
2 J ~ - a “ 
3 * aa 9 Ie 5 ees rs 
~ + ee + * 3 


In the autumn of 1865, I purchased of Mr. William Ladd, of 
London, a model of the Reis Telephone. I do not know the publi- 
cations known as Reis Prospectus. During the months of October 
and November, 1865, I experimented with the Reis Telephone, and 
made several modifications of it. 

4. In answer to defendant's fourth direct interrogatory, which is 
as follows: If, in your experiments, you made any modification of 
the Reis instrument obtained by you, state the nature of such mod- 
ification and describe any experiments made by you with the in- 
strument so modified ?—witness says: 

The improvements I made consisted in rejecting the knitting 
needle arrangement of Reis and substituting therefor an electro- 
magnetic receiver of my own design, which consisted of a horseshoe 
electro-magnet with an adjustable armature. 

By a careful adjustment of this receiver it was quite easy to get 
both the quality and amplitude of notes sung into the transmitter. 
When this result was obtained I observed that the agmature was in 
absolute contact with both forks of the electro-magnet, and that the 
magnet did not at any time lose its magnetism, but that the effects 
were due to an alteration of intensity in the magnetism of the iron 
core. Having succeeded so far with the receiver, I next turned my 
attention to the Reis transmitter, when I soon discovered that the 
chief defect in it was the too freely tossing of the little contact pin 
from the platinum plate on which it rested ; the first plan which oc- 
curred to me to obviate this defect was to make the pin dip into a 
conducting fluid, and I made the experiment by simply wetting the 
pin with my tongue ; this greatly improved the sounds transmitted, 
but owing to the electic action I was obliged to abandon that 
plan. Before experimenting further I exhibited this telephone at 
the November meeting of the Dublin Philosophical Society in 1865, 
held at 13 Leinster street, Dublin, when after explaining and experi- 
menting with it, the receiver was removed from the room of meeting 
in the second floor to the hall (wires being led down the stairs). 
Songs sung into the transmitter on the second floor were distinctly 
heard in the receiver down stairs, and various questions asked, some 
words which were clearly recognized and the peculiar characteristics 
of each voice were markedly noticeable ; some of the songs sung on 
that occasion were “St. Patrick’s Day” (sung by Mr. W. Rigby), 
„Home, Sweet Home” and God Save the Queen.” 

The same instrument was exhibited a few evenings after at a 
Conversatione of the Young Men's Christian Association at the 
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Rotunda, Dublin, where the . and 
the receiver in another room at some distance. The song, “ Home, 
Sweet Home,” was transmitted with great clearness. . 

5. In answer to defendant's fifth direct interrogatory, which is as 
follows: Have you in your possession any instrument made by you 
from descriptions in the Reis publication prior to 1876; and if not, 
state where such instrument is at this time, and if you have a cut 
or drawing of it annex it to your deposition ?—witness says: 

The instrument here referred to I was induced to sell on De- 
cember the 16th, 1865, in its imperfect state to the Rev. M. Kernan, 
then Professor of Experimental Physics in College, 
where I believe it is still to be seen. Theinstrument which I bought 
of Mr. Ladd was what is known as the Reis instrument, shown in 
figure 29 on page 86 of the book called Phillip Reis Invention of the 
Telephone, by Professor S. P. Thompson, published by E. and F. 
M. Spon, 1883, and also shown on page 348 of the Book of Inven- 
tion, volume 2, now shown to me by the Commissioner, and marked 
as an exhibit July 10th, 1884. Professor Thompson's book on page 
128 also contains a drawing of the receiver made by me, which I 
have referred to. 

6. In answer to defendant’s sixth direct interrogatory, which is 
as follows: Was a man named Thomas Ballard apprenticed to you 
at any time prior to 1876 while making experiments with the Reis 
telephone; and if so, at what time ?— witness says? 

Thomas Ballard was not in my employment; he was appren- 
tioed to my brother, Mr. Horatio Yeates, then of 13 Leinster street, 
Dublin, now of street, Adelaide, South Aus- 
tralia, 


CROSS-INTERROGATORIES. 


In answer to the complainant's first cross-interrogatory which is 
as follows: Are you not the author of the book entitled Elementary. 
Lessons on Electricity and Magnetism, by Silvanus P. Thompson, 
B. A., 1881, and are you not the author of the fifth edition of 
that book published in London by Macmillan & Co., in 1884, and 
annex copies of the two editions to your depositions ?—the witness 
said : 

No. 

In answer to complainant's second cross-interrogatory which is 
as follows: Assuming that you will swear in reply to 23d interroga- 
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tory that the several Reis publications with which you were familiar 
prior to 1876 were sufficient to have instructed a person skilled in 
the art of telephony how to construct an apparatus and how to 
use the same for the production of articulate speech. Will you 
explain to the Court why you did not know that in 1881, when you 
published the 435th paragraph, page 400, in your book on Elec- 
tricity and Magnetism, that “in 1876 Graham Bell invented the 
articulating telephone,” and why in the index of that book you say 
Telephone, Graham Bell, articulating, and why in that same book 
in the 434th paragraph you described Reis Telephone in the manner 
which you did ?—the witness said: 

I can make no answer to the question. 

In answer to the complainant's third cross-interrogatory which 
is as follows: Between the date of the first edition of your book 
and the fifth did you not take out two British patents—the first 
numbered 2578, dated May 31st, 1882, and the second numbered 
3803, dated August 9, 1883 ?—the witness said: | 

I don’t know of the matter referred to at all. 

In answer to the complainant's fourth cross-interrogatory which 
is as follows: Since the publication of your first edition have you 
not become associated as consulting electrician for the London & 
Globe Telephone and Construction Co.—a corporation working in 
opposition to the United Telephone Company, representing the 
invention of Graham Bell in England, and does not your name 
appear in the advertisements of that company as one of its officers 
—the witness says: 

No. 

In answer to the complainant's fifth cross interrogatory, which 
is as follows: Were you not a witness for the defendants in this 
case of the United Telephone Company (limited) against Harri- 
son, Cox, Walker & Co., in the High Court of Justice, Chancery 
Division, in which judgment was delivered May 10th, 1882 ?—the 
witness said : 

No. 

In answer to the complainant's sixth cross-interrogatory, which 
is as follows: In that case did you not testify as is reported in the 
“ Electrical Review” (London), May 25th, 1882, and as follows: 
Professor Thompson considered that the change in the resistance 
“ which took place in carbon under pressure was due to surface 
“ contact, only his own experiments proved that the pressure only 
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“ increased the area of the surface contact. Reis's transmitter was 
“ intended by the inventor to work as a make and break contact 
instrument, and the inventor expected it to produce articulate 
“ speech by this action. As a matter of fact, Reis did obtain artic- 
% ulate sounds, but this was when the instrument worked in a man- 
“ner which it was not intended it should. Professor Thompson 
“ was not aware that, prior to Bell's patent, anybody had written to 


the effect that Reis's transmitter acted in any other way than asa a 


% make and break instrument. The witness had himself heard a 


Reis instrument transmit articulate speech.” And did you not 
testify to the same effect ?—the witness said: 
I did not. 


In answer to the complainant's seventh cross-interrogatory 
which is as follows: Are you not the author of a book entitled 
„Philip Reis, inventor of the Telephone, by Silvanus P. ä 
B. A., London, 1883 ?”—the witness said: 

No. 

In answer to the complainant's eighth cross-interrogatory, which 
is as follows: In that book, page 41, you say, “ As far as Professor 
Dolbear is concerned, therefore he admits in unequivocal terms the 
whole claim of Reis to be the inventor of the telephone.” Did you 
not know when you published that statement, that Professor Dol- 
bear was interested in the defense of a suit in the United States, in 
which the American Bell Telephone Company was complainant, and 
Dolbear and others defendants, in which the defense was in part 
founded upon the assertion that Philip Reis was the inventor of 
the telephone, and in which the inventions of Philip Reis were 
used to limit the scope of Bell’s patent ?—the witness said: 

I know nothing about it. 


In answer to the complainant’s ninth cross-interrogatory, which 


is as follows: Did you not know that Albert Stretson, named in the 
prefuce of that book, was the agent of and employed by Professor 
Dolbear, as the defendant in that case, to collect the evidence of 
Reis’ invention, for the purpose of maintaining the defense, and did 
not you consult with and assist said Seton in his effort in that 
direction ?—the witness said: 

No. 

In answer to the complainant's tenth cross-interrogatory, which 
is as follows: Who besides yourself contributed money to the pub- 
lication of the book, and the procuring of the information contained 
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in it, edel « Philipp Rein, investor ofthe Mere — 
- witness said: 

I did not contribute and do not know of others doing so. 

In answer to the complainant's eleventh cross-interrogatory, 
which is as follows: Did you not know that that information was 
procured in part, at least, by persons acting for the defendants, who 
were defending against the Bell patent in the United States, and 
that one object of the publication was to discredit Professor Bell as 
the inventor of the articulate telephone ?—the witness said : 

No; I do not. 

In answer to the complainant's twelfth cross-interrogatory, 
which is as follows: Does the paragraph entitled Third Form, the 
Electro-magnet Receiver, on the 30th page of that book, contain a 
true statement of the operation of the electro-magnet receiver of 
Reis, a diagram of which is found on the 32d page ?—the witness 
said: 

I do not know. 

In answer to the oomplainant's thirteenth cross-interrogatory, 
which is as follows: In the apparatus described by you in your two 
patents for the transmission of articulate speech, is not the method 
of that transmission by causing electrical undulations similar in 
form to the vibrations of the air accompanying the vocal sounds 
uttered to the transmitter, or, in the language of Sir William 
Thompson, “does not the strength of the electrical current vary 
continuously and as nearly as may be in simple proportion to the 
% velocity of a particle of air engaged in constituting the sounds,” 
when your apparatus works to ae articulate speech ?—the 
witness said : 

I don’t know the apparatus — to. 

In answer to the complainant's fourteenth cross-interrogatory, 
which is as follows: If you deny this, you will explain to the Court 
what you understand to be the relation between the current on the 
line wire and the movement of the partioles of air when your ap- 
paratus speaks?— the witness said: 

I cannot answer the question. 

In answer to the complainant's fifteenth cross-interrogatory, . 
which is as follows: Has any apparatus of yours, patented or 
otherwise, been used by any persons or corporations in Great 
Britain who are not licensed under the inventions of Bell or 
Edison ?—the witness said: 

No. 
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5 I know of nothing further. ä ae 
(Signed, ) Ss 
STEPHEN M. YxEares. 2 
Sworn and subscribed be- a 
fore me this 26th day 
of July, 1884. ; > 
S. D. OLIPHANT, 
Com., &c. 
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Testimony taken at Dublin, Ireland, on Saturday, the 26th day of pa OE 
July, 1884, before S. D. Oliphant, Esqr., the commissioner herein — @ 
on interrogataries filed pursuant to the order of the Court. 


A. M. VEREKER, a witness sworn on behalf of the defendant, in 1 
answer to interrogatories propounded to him, testifieth as follows: ae 


1. In answer to defendant's first direct interrogatory, which is as 
| follows: State your name, age, residence and occupation ?—witness 
gays: 

17 name is Amos M. Vereker; I am 56 years of age, and reside 
at 31 Wellington Place, Clyde Road, Dublin ; I am the deputy Cash- ee 
ier of the Bank of Ireland, Dublin. we 

2. In answer to defendant’s second direct interrogatory, which a 
is as follows: Are you acquainted‘with Stephen M. Yeates, an in- 
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strument maker, in the City of Dublin, Ireland; and if so, how 
long have you known him ?—witness says: 

I am personally acquainted with Mr. Stephen M. Yeates, op- 
tician, &c., Dublin, and have known him for 35 years and upwards. 

3. In answer to defendant's third direct interrogatory, which is 
as follows: Were you present in the year 1865 at any telephonic 
experiments made by Mr. Yeates in Dublin; and if so, state the 
form and nature of the instrument used in those experiments, the 
general nature of the experiments and the results obtained? 
witness says : | 

I was present at the meeting of the Philosophical Society in 
November, 1865, referred to, at which meeting Mr. Yeates exhibited 
his improvements in Reis Telephone. The Telephone transmitter 
was the square box form, having the mouth piece inserted in one 
side and diaphragm on the top, the receiver being an electro mag- 
net placed vertically over an orifice in a resonant box. 

4. In answer to defendant’s fourth direct interrogatory, which is 
as follows: Did you personally take part in such experiments ; and 
if so, state what part you took, who were present with you and 
whether you heard articulate speech or words of songs spoken 
through that instrument, and, generally, the circumstances con- 
nected with the experiments, so far as you recollect them ?—wit- 
ness says: 

The transmitter and battery were in an upper room in the 
house of Mr. Horatio Yeates, 13 Leinster street, where the meeting 
of the society was held, the receiver being in the hall, the connect- 
ing wires were carried under the intervening doors, and down the 
stairs, words and sentences were spoken, and songs were sung into 
the transmitter and were generally understood and recognized, more 
particularly the songs, and the voices in each case were unmistaka- 
ble. I personally took part in the above, and recollect distinctly 
hearing Home Sweet Home,” and “God Save the Queen sung, 
short questions asked quite intelligibly. Mr. S. M. Yeates, Mr. 
Horatio Yeates, Dr. Frazer, Mr. W. Rigby and I think one or two 
others, whose names I do not recollect, were also present. 


CROSS-INTERROGATORIES. 


In answer to the complainant's first cross-interrogatory which is 
as follows: Are you not the author of the book entitled Elementary 
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Lessons on Electricity and Magnetism, by Silvanus P. Thompson, 
B. A., 1881, and are you not the author of the fifth edition of 
that book published in London by Macmillan & Co. in 1884, and 
annex copies of the two editions to your depositions ?—the witness 
said : 

No. | 

In answer to complainant’s second cross-interrogatory which is 
as follows: Assuming that you will swear in reply to 23d interroga- 
tory that the several Reis publications with which you were familiar 
prior to 1876 were sufficient to have instructed a person skilled in 
the art of telephony how to construct an apparatus and how to use 
the same for the production of articulate speech. Will you explain 
to the Court why you did not know that in 1881, when you pub- 
lished the 435th paragraph, page 400, in your book on Eelctricity and 
Magnetism, that “in 1876 Graham Bell invented the articulating 
telephone,” and why in the index of that book you say Telephone, 
Graham Bell, articulating, and why in that same book in the 434th 
paragraph you described Reis Telephone in the manner which you 
did ?—the witness said: 

I have no knowledge of the matters referred to. 

In answer to the complainant's third cross-interrogatory which 
“is as follows: Between the date of the first edition of your book and 
the fifth did you not take out two British patents—the first num- 
bered 2578, dated May 31st, 1882, and the second numbered 3803, 
dated August 9, 1883?—the witness said : 

I did not. 

In answer to the complainant's fourth cross-interrogatory which 
is as follows: Since the publication of your first edition have you 
not become associated as consulting electrician for the London & 
Globe Telephone and Construction Co.—a corporation working in 
opposition to the United Telephone Company, representing the in- 
vention of Graham Bell in England, and does not your name appear 
in the advertisements of that company as one of its officers ?—the 
witness says : 

No. 

In answer to the complainant’s fifth cross-interrogatory, which 
is as follows: Were you not a witness for the defendants in this 
case of the United Telephone Company (limited) against Harrison, 
Cox, Walker & Co., in the High Court of Justice, Chancery Division, 
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in which judgment was delivered May 10th, 1882?—the witness 
said : 
No. 
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In answer to the complainant’s sixth cross-interrogatory, which 
is as follows: In that case did you not testify as is reported in the 
Electrical Review” (London), May 25th, 1882, and as follows: 
* Professor Thompson, considered. that the change in the resist- 
“ ance which took place in carbon under pressure was due to surface 
contact, only his own experiments proved that the pressure only 
“ increased the area of the surface contact. Reis’s transmitter was 
“ intended by the inventor to work as a make and break contact 
s instrument, and the inventor expected it to produce articulate 
e speech by this action. As a matter of fact, Reis did obtain artic- 
“ ulate sounds, but this was when the instrument worked in a man- 
“ ner which it was not intended it should. Professor Thompson 
“ was not aware that, prior to Bell’s patent, anybody had written to 
“ the effect that Reis’s transmitter acted in any other way than as a 
„make and break instrument. The witness had himself heard a 
“ Reis instrument transmit articulate speech.” And did you not 
testify to the same effect ?—the witness said: 

No. 

In answer to the complainant's seventh cross-interrogatory, 
which is as follows: Are you not the author of a book entitled 
Philipp Reis, inventor of the Telephone, by Silvanus P. Thomp- 
son, B. A., London, 1883 ?”—the witness said: 

No. 

In answer to the complainant's eighth cross-interrogatory, which 
is as follows: In that book, page 41, you say, “As far as Professor 
Dolbear is concerned, therefore, he admits in unequivocal terms the 
whole claim of Reis to be the inventor of the telephone.” Did you 
not know when you published that statement, that Professor Dol- 
bear was interested in the defense of a suit in the United States, in 
which the American Bell Telephone Company was complainant, and 
Dolbear and others defendants, in which the defense was in part 
founded upon the assertion that Philipp Reis was the inventor of 
the telephone, and in which the inventions of.Philipp Reis were 
used to limit the scope of Bell’s patent?—the witness said : 

I know nothing of it. 

In answer to the complainant's ninth cross-interrogatory, which 
is as follows: Did you not know that Albert Stretson, named in the 
preface of that book, was the agent of and employed by Professor 
Dolbear, as the defendant in that case, to collect the evidence of 
Reis’ invention, for the purpose of maintaining the defense, and did 
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not you consult with and assist said Stretson in his effort in that 


direction ?—the witness said : 

No. 

In answer to the complainant's tenth cross-interrogatory, which 
is as follows: Who besides yourself contributed money to the pub- 
lication of the book, and the procuring of the information contained 
in it, entitled “Philipp Reis, inventor of the Telephone ?”—the 
witness said : 

I did not nor do I know who did. 

In answer to the complainant’s eleventh cross-interrogatory, 
which is as follows: Did you not know that that information was 
procured in part, at least, by persons acting for the defendants, who 
were defending against the Bell patent in the United States, and 
that one object of the publication was to discredit Professor Bell as 
the inventor of the articulate telephone ?—the witness said : 

I do not. 

In answer to the complainant's twelfth cross-interrogatory, 
which is as follows: Does the paragraph entitled Third Form, the 
Electro-magnet Receiver, on the 30th page of that book, contain a 
true statement of the operation of the electro-magnet receiver of 
Reis, a diagram of which is found on the 32d page?—the witness 
said : : 

I do not know. 

In answer to the complainant's thirteenth cross-interrogatory, 
which is as follows: In the apparatus described by you in your two 
patents for the transmission of articulate speech, is not the method 
of that transmission by causing electrical undulations similar in 
form to the vibrations of the air accompanying the vocal sounds 
uttered to the transmitter, or, in the language of Sir William 
Thompson, “does not the strength of the electrical current vary 
“ continuously and as nearly as may be in simple proportion to the 
“ velocity of a particle of air engaged in constituting the sounds,” 


* 


when your apparatus works to transmit articulate speech ?—the 


witness said : 
I took out no patents and cannot give any answer. 
In answer to the complainant's fourteenth cross-interrogatory, 
which is as follows: If you deny this, you will explain to the Court 
what you understand to be the relation between the current on the 
line wire and the movement of the particles of air when your ap- 
paratus speaks ?—the witness said: 
I cannot answer the question, 
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which is as follows: Has any apparatus of yours, patented or 
otherwise, been used by any persons or corporations in Great 
Britain who are not licensed under the inventions of Bell or 
Edison ?—the witness said: 

No. 

The last interrogatory being propounded to the witness he stated: 

I would state that Mr. Edward Tuke, a witness named in the ° 
Commission, has been dead since May last, also the only Mr. Rigby 
who attended our meetings in 1865, was Mr. William Rigby, and 
he has informed me that he does not remember the facts with suffi- 
cient clearness to testify to them. Mr. John Rigby was a member 
of the Dublin Philosophical Society from its foundation in 1849, 
until about 1860, but did not attend any of the experiments made 


. with Reis telephone. 
* (Signed, ) 
A. VW. VEREKER. 
Sworn and subscribed be- 
fore me this 26th day of 
July, 1884. 
S. D. OLIPHANT, 


Com., &c. 


THe OVERLAND TELEPHONE Comm 
or New JERSEY. 
J 


Testimony taken at Frankfort-on-the-Main, Germany, pn Monday 
the 4th day of August, 1884, before S. D. Oliphant, Esq., the Com- 
missioner herein, on interrogatories filed pursuant to the order of 
the Court. 

The testimony being taken through Alvesto S. Hague, as inter- 
preter, who was first sworn by the Commissioner to faithfully, truly 
and correctly translate the oath to the witness—and, the oath hav- 
ing been administered, afterwards, to faithfully, truly and correctly 
translate to the witness the several direct and cross-interrogatories 
propounded to him by the Commissioner and the answer made 
thereto by the witness. 


JOHANN EHREN, a witness called on behalf of the defendants and 
named in the Commission, having been sworn (through the medium 
of the interpreter) by the ceremony of the uplifted hand, in answer 
to the several interrogatories propounded to him, testified as 
follows : 


1. In answer to defendant’s first direct interrogatory, which is 
as follows: State your name, age, residence and occupation ?—wit- 
ness says : 

My name is Johann Ehren. I am sixty-two years of age, reside 
at Frankfort-on-the-Main, Germany, and am by occupation teacher 
of mechanics, chemistry, physics and the ancient languages. 

2. In Inswer to defendant’s second direct interrogatory, which is 
as follows: Were you acquainted with Philip Reis, formerly of 
Friedericksdorf, in Germany, who died in 1874; and if so, how long 
did you know him ?—witness says: 
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From the year 1853 I instructed Phillip Reis, of Gelnhausen, 
in mathematics and physics. I gave Reis these lessons in the so- 
called Mohren Garden, where the Hotel du Nord now stands, rented 
from the piano manufacturer, Meggenhoffer. In a short time my 
efforts with Reis extended not only to the above-named instructions, 
but we instituted strictly scientific experiments concerning light, 
heat, electricity and magnetism, and about the commencement of 
the year 1856 began the particular work of the telephone. 

3. In answer to defendant’s third direct interrogatory, which is 
as follows: Did you ever work for Mr. Reis; and if so, in what ca- 
pacity ?—withness says: 

I worked daily from that time on with Reis, and as he placed 
great confidence in my honesty I learned to know all the forms of 
the telephone, as the same are described in Professor Silvanus 
Thompson's excellent work, published in 1883, entitled, Phillip Reis, 
Inventor of the Telephone. 

4. In answer to defendant's fourth direct interrogatory, which is 
as follows: Did you, while working with Mr. Reis, become familiar 
with any forms of his telephone as described in the printed publi- 
cations relating to him ; if so, describe those instruments fully, and 
state in detail the circumstances and nature of the work you did 
for him, and the results of the experiments made by him with those 
instruments, so far as they came under your personal observation ? 
—witness says: 

A description of the apparatus is unnecessary, and I refer, 
therefore, to the Professor Silvanus P. Thompson’s work, Phillip 
Reis, Inventor of the Telephone, pages 16 to 27, where the trans- 
mitters which we employed are accurately described, likewise the 
receivers, from page 29 to 34, are exactly the same, and notably in 
figure 33, page 100, the connection of the transmitter with the re- 
ceiver is correctly portrayed as we used it in our experiments. The 
results were astonishing, but Reis could not make up his mind to 
appear before the public with his invention, because he was one of 
those characters who in his burning zeal could not finish. 

5. In answer to defendant’s fifth direct interrogatory, which is 
as follows: While you were working with Mr. Reis, what were the 
purposes to which he endeavored to apply the instruments made by 
him and used in the experiments i in which you assisted him ?—wit- 
ness says : 

If it is claimed that Reis had in his mind to transmit musi- 
cal sounds only in an electro-musical way, that is a great error, even 
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called according to the best dictionaries which I used—for Reis un- 
derstood neither the Latin nor the Greek language, voice, speech, 
language or cry) indicates most unequivocally the purpose the in- 
ventor ascribed to the telephone. 

6. In answer to defendant's sixth direct interrogatory, which is 
as follows: Did you during those experiments personally hear ar- 
ticulate speech transmitted through those instruments, or any of 
them; if so, state the circumstances in detail ?—witness says: 

Our principal attention, studies and experiments were devoted 
to the speaking telephone, and Reis and I were the only mortals 
who had knowledge of it. His first experiments in the presence of 
a few acquaintances like Albert & Son, mechanics, concerned only 
the transmission of musical sounds, the strictest secrecy was pre- 
served concerning the speaking telephone. We tried first single 
vowels and consonants, then monosyllables, and afterwards words 
of more syllables and short sentences. It did not go well at first, 
but afterwards the trials succeeded to our satisfaction, as we were 
able to transmit words and short sentences. 

In the year 1858 Reis and I disagreed, because I ascribed the 
blame of the still present incompleteness to the membrane, and 
made the proposition to place a metal plate in the place of the 
same. Reis rejected this opinion entirely, and thenceforth proceed- 
ed his way alone. 

7. In answer to defendant’s seventh and last direct interroga- 
tory, which is as follows: Do you know or can you set forth any 
other matter or thing which may be of benefit to the parties at is- 
sue in this cause, or either of them, or that may be material to the 


subject of this your examination, or the matters in question in this 


cause; if yea, set forth the same fully and at large in your answer? 
—witness says? 

From the foregoing it follows : 

Ist. That the Reis telephone from the beginning was to be not 
only an apparatus for transmitting musical sounds, but rather a 
speaking telephone. 

2d. That the telephone was not invented in Friedrichsdorf, but 
was invented in the course of the years 1856 to 1858 in Frankfort- 
on-the-Main, in the so-called Mohren Garden, in Meggenhofer’s 


shop. 


the name “Telephone (from “Telos” and phone, and the last is 
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CROSS-INTERROGATORIES. 


In answer to the complainant's first cross-interrogatory which is 
as follows: Are you not the author of the book entitled Elementary 
Lessons on Electricity and Magnetism, by Sylvanus P. Thompson, 
B. A., 1881, and are you not the author of the fifth edition of 
that book published in London by Macmillan & Co. in 1884, and 
annex copies of the two editions to your depositions ?—the witness 
says : ° 

No. 

In answer to complainant's second cross-interrogatory which is 
as follows: Assuming that you will swear in reply to 23d interroga- 
tory that the several Reis publications with which you were familiar 
prior to 1876 were sufficient to have instructed a person skilled in 
the art of telephony how to construct an apparatus and how to 
use the same for the production of articulate speech. Will you 
explain to the Court why you did not know that in 1881, when you 
published the 435th paragraph, page 400, in your book on Elec- 
tricity and Magnetism, that “in 1876 Graham Bell invented the 
articulating telephone,” and why in the index of that book you say 
Telephone, Graham Bell, articulating, and why in that same book 
in the 434th paragraph you describe Reis Telephone in the manner 
which you did ?—the witness said : 

I can make no answer. 

In answer to the complainant's third cross-interrogatory which 
is as follows: Between the date of the first edition of your book 
and the fifth did you not take out two British patents—the first 
numbered 2578, dated May 31st, 1882, and the second numbered 
3803, dated August 9, 1883 ?—the witness said: 

No. 

In answer to the complainant’s fourth cross-interrogatory which 
is as follows: Since the publication of your first edition have you 
not become associated as consulting electrician for the London & 
Globe Telephone and Construction Co.—a corporation working in 
opposition to the United Telephone Company, representing the 
invention of Graham Bell in England, and does not your name ap- 
pear in the advertisements of that company as one of its officers ?— 
the witness says: 

No. 

In answer to the complainant's fifth cross-interrogatory, which 
is as follows: Were you not a witness for the defendants in this case 
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Walker & Co., in the High Court of Justice, Chancery Division, in 
which judgment was delivered May 10th, 1882?—the witness said : 

No. 

In answer to the complainant's sixth cross-interrogatory, which 
is as follows: In that case did you not testify as is reported in the 
“ Electrical Review” (London), May 25th, 1882, and as follows: 
Professor Thompson considered that the change in the resist- 
% ance which took place in carbon under pressure was due to surface 
“ contact, only his own experiments proved that the pressure only 
“ increased the area of the surface contact. Reis’s transmitter was 
“ intended by the inventor to work as a make and break contact 
instrument, and the inventor expected it to produce articulate 
* speech by this action. As a matter of fact, Reis did obtain artic- 
e ulate sounds, but this vas when the instrument worked in a man- 
% ner which it was not intended it should. Professor Thompson 
*“ was not aware that, prior to Bell’s patent, anybody had written to 
“ the effect that Reis's transmitter acted in any other way than as a 
„make and break instrument. The witness had himself heard a 
“ Reis instrument transmit articulate speech.” And did you not 
testify to the same effect D the witness said: 

No. : 

In answer to the complainant's seventh cross-interrogatory, 
which is as follows: Are you not the author of a book entitled 
Philipp Reis, inventor of the Telephone, by Silvanus P. Thompson, 
B. A., London, 1883?”—the witness said: 

Certainly not. 

In answer to the complainant's eighth cross-interrogatory, which 
is as follows: In that book, page 41, you say, As far as Professor 


Dolbear is concerned, therefore, he admits in unequivocal terms the 


whole claim of Reis to be the inventor of the telephone.” Did you 
not know when you published that statement, that Professor Dol- 


bear was interested in the defense of a suit in the United States, in 


which the American Bell Telephone Company was complainant, and 
Dolbear and others defendants, in which the defense was in part 
founded upon the assertion that Philipp Reis was the inventor of 
the telephone, and in which the inventions of Philipp Reis were 
used to limit the scope of Bell’s patent ?—the witness said: 

I cannot answer the question. 

In answer to the complainant’s ninth cross-interrogatory, which 
is as follows: Did you know that Albert Stretson, named in the 


‘ 5 ae . 
my : ; i 8 5 23 — * 1 N : 2 * . * 
3 3 2 *. «tga ry ~ ‘eS et eT , öĩÜ—ö.C ; Laget by rae 3 * — 2 8 1 
= *. 4 . — * — „ * N 4 2 Jy ats fay = * Pa K 
r 2 : 7 C F ee oe Eee 
: . : U 1 5 1 fy 8 8 .. 5 > „ 1 i 
— 


of the United Telephone Company (limited) against Harrison, Cox, 


5 ot that book, was the agent of and . by Protest 
Dolbear, as the defendant in that case, to collect the evidence of 
Reis’ invention, for the purpose of maintaining the defense, and did 
not you consult with and assist said Stretson in his effort in that 
direction ?—the witness said: 

No. 

In answer to the complainant’s tenth cross-interrogatory, which 
is as follows: Who besides yourself contributed money to the pub- 
lication of the book, and the procuring of the information contained 
in it, entitled Philipp Reis, inventor of the Telephone? ”—the 
Witness said : 

No. 

In answer to the complainant’s eleventh cross-interrogatory, 
which is as follows: Did you not know that that information was 
procured in part, at least, by persons acting for the defendants, who 


were defending against the Bell patent in the United States, and 


that one object of the publication was to discredit Professor. Bell as 

the inventor of the articulate telephone ?—the witness said: 

No. 

In ͤ answer to the oomplainant's twelfth cross-interrogatory, 

which is as follows: Does the paragraph entitled Third Form, the 

Electro-magnet Receiver, on the 30th page of that book, contain a 

true statement of the operation of the electro-magnet receiver of 

Reis, a diagram of which is found on the 32d page ?—the witness 
said : 

It does; Figures 22 and 23, page 33, show a more complete 
form. 

In answer to the complainant's thirteenth cross-interrogatory, 
which is as follows: In the apparatus described by you in your two 
patents for the transmission of articulate speech, is not the method 
of that transmission by causing electrical undulations similar in 
form to the vibrations of the air accompanying the vocal sounds 
uttered to the transmitter, or, in the language of Sir William 
‘Thompson, “does not the strength of the electrical current vary 
“ continuously and as nearly as may be in simple proportion to the 
“ velocity of a particle of air engaged in constituting the sounds,” 
when your apparatus works to transmit articulate speech ?—the 
witness said : 

I cannot answer the question. 

In answer to the complainant’s fourteenth cross-interrogatory, 


which is as follows: If you deny this, you will explain to the Court 


line wire and the movement of the particles of air when your ap- 
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paratus speaks ?—the witness said : 
I cannot answer the question. 

: In answer to the complainant's fifteenth cross-interrogatory, . 
which is as follows: Has any apparatus of yours, patented or * 
otherwise, been used by any persons or corporations in Great 
Britain who are not licensed under the inventions of Bell or tes 
Edison ?—the witness said: | 22 

No. Bee 
The last interrogatory being again propounded to the witness, he a 
stated : ag 
I have nothing further to add. : 
GSS.) 
| ' JOHANN Enn. 5 
Sworn and subscribed be- 7. 
fore me this 4th day of | a 
August, 1884. | ee 
S. D. OLrpHant, 


Com., &0. 


UNITED STATES CIRCUIT COURT. 
District New JERSEY. 


(In Equrry.] a 
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THE OVERLAND TELEPHONE COMPANY 
or New JERSEY. | 
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Testimony taken at Frankfort-on-the-Main, Germany, on Mon- 
day, the 4th day of August, 1884, by S. D. Oliphant, Esq., the 
Commissioner herein on interrogatories filed pursuant to the order 
of the Court. 


| 
THEODORE STEIN, a witness named in the Commission, and called 
. an 


* 


on behalf of the defendants, being conscientiously scrupulous of 
taking an oath, was at his own request affirmed, and in answer to | 
the several interrogatories propounded to him by the Commissioner, 
testifieth as follows : | : 


1. In answer to the defendant's first direct interrogatory, which is | 
as follows: State your name, age, residence and occupation ?—wit- 
ness says: ry oy 
2 My name is Segismund Theodore Stein, I am forty-four and one- 
= half years old, residence Frankfort-on-the-Main, Germany; my 

a occupation is that of a doctor of medicine and electrician. 

2. In answer to defendant's second direct interrogatory, which is ws 
as follows: Are you acquainted with Philip Reis, formerly of 
Fridericksdorf, in Germany: and if so, how long did you know him? 
—witness says: 

. I know Phillip Reis, formerly of Friedricksdorf, in Ger- 
many, it is true, in consequence of his lectures delivered at Frank- 
fort on the Main. This was in the years 1860 and 1861. I have not 
had, however, any personal relations with him. 

3. In answer to defendant's third direct interrogatory, which is 
as follows: Were you present in 1861 at the meeting of the Physi- 
cal Society of Frankfort in the City of Frankfort, at an exhibition 
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of Philip Reis of the telephone described is him i in the annual re- 
port of that society for 1860 and 1861, and known as the “Bored 
Block instrument; if you were present at that meeting, did you 
see and have in your possession the instrument shown by Mr. Reis 
on that occasion ?—witness says: 

I was not present at the meeting of the Physical Society of 


Frankfort-on-the-Main, in the year 1861, when Reis, for the first 


time demonstrated his telephone, but I came, a short time after, to 
the then president of the Physical Society, Professor Dr. Böttger, 
who was in possession of 4 Bored Block Telephone constructed by 
Phillip Reis. This Board Block Telephone afterwards came into 
my possession and I took the same, in the year 1862, with me .to 
Erlangen, at which place I was then studying. 

4. In answer to defendant’s fourth direct interrogatory, which is 
as follows: Do you know where the identical instrument then used 
by Philip Reis now is, and who is the present owner of it; if so, 
state your means of knowledge, and if the instrument itself is pro- 
duced before you at the time of your examination, identify it be- 
fore the Commissioner and cause it to be marked by him, and annex 
to your deposition an accurate drawing or photograph of it ?—wit- 
ness says : 

I cannot say, by my own inspection, whether the instrument 
which I then possessed, is the same which Reis demonstrated at 
that meeting. it was, however, designated to me by Professor Dr. 
Böttger, as one of those which Reis then produced. This instru- 
ment, which the Commissioner of the Circuit Court of the United 
States, for the District of New Jersey, now shown me, consisting of 
two parts, and marked “ Reis, Frankfort Instrument,” is the same 
instrument, so designated by Professor Dr. Béttger—I obtained 


possession of it as my property as early as the year 1862, and it is 


the same which, in November, 1882, I delivered to Professor Sil- 
vanus P. Thompson, of Bristol, England. 


5 and lastly. In answer to defendant’s fifth direct interrogatory, . 


which is as follows: Do you know or can you set forth any other 
matter or thing which may be of advantage or benefit to the parties 
at issue in this cause, or either of them, or that may be material to 
the subject of this your examination or the matters in question in 
this cause ; if yea, set forth the same fully and at large in your an- 
swer ?—witness says: 

The name of Dr. Thomas Stein is erroneously given in the Com- 
mission, inasmuch as no Dr. Stein, with the christian name 
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“Thomas” has lived in Frankfort during the last thirty years, and 
I am the person who delivered the instrument in question to Pro- 
fessor Thompson, and to whom the questions are evidently directed. 
(Signed,) 
. Szaismunp THEODORE STEIN, 
Doctor of Medicine and Philosophy. 
Affirmed and subscribed before me 
this 4th day of August, 1884. 
S. D. OLIPHANT, 
Com. &0. 


The cross interrogatories propounded by the complainant being 
read to the witness, Dr. Theodore Stein, he refused to answer them 
because he said he knew nothing about them as they were evidently 
intended to be addressed to another person. 


August 4th, 1884. 


S. D. OLIPHANT, 
Com., &c. 


At a Stated Term of the Circuit Court of the United 
States for the Southern District of New York, held 
at the Court House, Post-Office Building, in the 
City of New York, on the 13th day of February, 
1885. 


Present—Hon. WX. J. WALLACE, Justice. 


THe American BELL TELEPHONE Com- 
PANY ET AL. 


On reading and filing the affidavits of Wheeler H. Peckham and 
of George Bell, hereto annexed, and after hearing Mr. Peckham for 
the motion and Mr. Dickerson in open Court consenting, it is 

Ordered, that the motion of defendants to amend the answers 
herein in the manner asked in the notice of motion be, and the same 
is hereby, granted. 

Ordered further, that said answers be, and the same are hereby 
amended nunc pro tunc as of the date of filing the same by in- 
serting on the 6th page, folio 31, immediately after the words, 
“ Cambridge, Mass,” where it secondly occurs, and before the words, 
and also,” the following words, George W. Beardslee, of Brook- 
lyn, New York, at College Point, Long Island, New York, and at 
Brooklyn, New York,” and by inserting the same words on page 
fourteen of said answer opposite folio fifty-four immediately before 
the words and also by numerous. 

Wu. J. WaALLAce. 
| (A copy.) 
[smaL.] Tmornt Gaivrira, 
E. L. M. Clerk. 


DEFENDANTS EXHIBITS. 


CIRCUIT COURT OF THE UNITED STATES, 
SourHERN District oF New Tonx. 
In Eguity. 


AMERICAN BELL TELEPHONE COMPANY 
ET AL. 


AGAINST 


MOLECULAR TELEPHONE COMPANY ET AL. 


j 


Stipulation. 


It is hereby stipulated and agreed by and between the respec- 
tive parties to the above entitled cause, as follows, to wit: 

1. The defendants herein may put in evidence the copy of the 
depositions of William M. Goodridge and Elisha Gray, respectively, 
and of the documentary exhibits referred to therein, contained in 
the printed record of the case of Bell Telephone Company et al. vs. 
Peter A. Dowd, formerly pending in the Circuit Court of the United 
States within the District of Massachusetts; and the complainants 
herein may put in evidence the copy of any other deposition or de- 
positions, and of the documentary exhibits referred to therein con- 
tained in the same printed record, and relating to or bearing upon 
the testimony of the said William M. Goodridge and Elisha Gray, 
and such copies so put in evidence shall have the same force and 
effect as if the said depositions had been originally taken, sworn to 
and filed in this cause. 

2. The copies or translations of the publications designated upon 
pages 529, 530 and 530}, and printed upon pages 531 to 623, inclu- 
sive, of the record in the case of the American Bell Telephone Com- 
pany vs. Amos E. Dolbear et al., formerly pending in the Circuit 
Court of the United States, within the District of Massachusetts, 
may also be put in evidence in this cause with the same force and 
effect as though the originals had been produced and duly proved 
herein. The copies of such of the said publications as are men- 
tioned in the defendants’ answer in this cause shall be deemed to 
have been put in evidence by the defendants, and the remainder 
shall be deemed to have been put in evidence by the complainants, 


but either party shall be at liberty to take further evidence, if need 
be, in relation to the meaning of the originals or any part thereof 
in a foreign language from which the said translations have been 
made. 

3. The defendants and the complainants herein respectively may 
also put in evidence copies of any caveats, patents, applications for 
patents or other documentary matter, not embraced in the publica- 
tions already hereinbefore referred to, contained in the printed rec- 
ords of the following cases formerly pending in the Circuit Court 
of the United States, within the District of Massachusetts, to wit: 
Bell Telephone Company et al. vs. Peter A. Dowd; American Bell 
Telephone Company vs. Albert Spencer et al.; and American Bell Tel- 
ephone Company vs. Amos E. Dolbear et al.; and such copies, so 
put in evidence, shall have the same force and effect in this cause as 
though the originals thereof had been produced and duly proved 
herein. 

4. The defendants herein may also put in evidence copies, duly — 
certified from the Patent Office, of the testimony taken on behalf of 
James W. McDonough, and of the documents, drawings and models 
referred to therein as exhibits in the interference designated “G,” 
declared March 26, 1878, between him, Elisha Gray, Amos E. Dol- 
bear, Alexander Graham Bell, George B. Richmond, Thomas A. Ed- 
ison and Emile Berliner, and such copies, so put in evidence, shall 
have the same force and effcct as if the said testimony had been 

originally taken, sworn to and filed in this cause. 

5. All the evidence taken and hereafter to be taken in the case 
of the American Bell Telephone Company et al. vs. The People’s 
Telephone Company et al., pending in the Circuit Court of the 
United States, within the Southern District of New York, shall be 
considered and treated as if the evidence for complainants and de- 
fendants respectively in that cause had been taken, sworn to and 
filed on behalf of the complainants and defendants respectively in 
this cause, and the printed record in that cause shall constitute part 
of the record upon which this cause shall be presented for judicial 
determination at final hearing. 

Geo. L. Rosenrts, 
Of Counsel for Complainants. 
Mier, Pecxuam & Dixon, 
Defendants’ Attorneys. 
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DEFENDANTS EXHIBITS. : <a 
U. S. CIRCUIT COURT, 4 
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5 8 Amica Bett TELEPHONE Con- J 
: PANY ET AL., 
Complainants, + 
AGAINST ‘ 


MoLecuLAR ‘TELEPHONE COMPANY 
ET AL., 
Defendants. 
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Testimony taken on the part of the defendants pursuant to Rule 
67 of the U. S. Supreme Court, as amended, this 12th day of May, 
1884, at No. 29 Wall street, in the City of New York, before me, 
JosErH A. WELCH, 
Special Examiner. 
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Mn. Gro. L. Roserts, Counsel for Complainants. 
Mn. WHEELER H. Pecxuam, Mn. A. Q. KeasBey, and Mn. W. S. 
Knox, Counsel for Defendants. 


1. Defendants put in evidence an extract from the work entitled 
4 Der Elektromagnetische Telegraph,’ by Dr. H. Schellen, 1867,” as 
the same is printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pages 694, 695, 696, 697, and as there en- 
titled, and with the accompanying cuts. 


2. Defendants also put in evidence extract from publication en- 
titled The Electric Telegraph,’ by Robert Sabine, London, 1867, 
pages 136-138,” as the same is printed in the printed record, Bell 
Telephone Company et al. vs. Peter A. Dowd, pages 697, 698, 699, 
with the accompanying cuts, and as there entitled. 


3. Defendants also put in evidence an extract from a work en- 
titled “ ‘ Electricity and Magnetism,’ by Jenkin, a book printed and 


_ DEFENDANTS’ EXHIBITS. 


published in London and in the City of New York, in the year 
1873,” pages 334, 335, 336, to be marked Defendants’ Exhibit Ex- 
tract from Electricity and Magnetism, by Jenkin. J. A. W., Sp. Ex- 
aminer.” 


4. Defendants also put in evidence an extract from “ Hessler’s 
Technical Physics, Vienna, 1866, Vol. 1, p. 648,” as the same is 
printed in the printed record, American Bell Telephone Company 
vs. Amos E. Dolbear et al., pages 599 and 600, and as there en- 
titled. 


5. Defendants put in evidence “Yearly Report of the Physical 
| Society at Frankfurt-a-M., 1860-61, pp. 57-64 (published in 1862),” 
f as the same is printed on pages 537, 538, 539, 540, 541, 542, 543, 
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544 of the printed record in the case, American Bell Telephone 
Company vs. Amos E, Dolbear et al., with the accompanying plates, 
and also with three additional plates contained in the original pub- 
lication and entitled respectively Umkehrungen eines Dreiklanges, 


4 Tafel I,” and “C dur. Tafel II,” and “Tafel III.” 
: 6. Defendants also put in evidence extract from “A printed 
1 publication in the German language, entitled Zeitschrift des Deutsch 
. Oesterreichischen Telegraphen-Vereins, Vol. 9, a book printed and 

; published at Berlin, in 1862, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear 


a et al, on pages 547, 548, 549, 550, 551, 552, 553, and as there entitled, 
* with the accompanying plates. 


7. Defendants also put in evidence extract from A printed 
publication in the German language entitled ‘ Die Neueren Apparate 
— der Akustik,“ von De Prof. Fr. Jos. Pisco, printed and published in 
1865,” as the same is printed on pages 582, 583, 584, 585, 586, 587, 
588, 589, 590, 591, 592, 593, to be divided and entitled as in the 
printed record, by the above pages, in the case of the American 
Bell Telephone Company vs. Amos E. Dolbear et al. 


May 13, 1884. 


8. Defendants put in evidence extract from a work entitled 
“ Electricity, by R. M. Ferguson,” published in London and Edin- 
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DEFENDANTS EXHIBITS. 


burgh in 1867, at pp. 257, 258, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear 
et al., pp. 601, 602, 603, with the accompanying cut, and as there 
entitled. 


9. Defendants put in evidence The Telegrapher published in 
the City of New York, in 1869, Vol. 5, No. 39, containing a reprint 
of Dr. Van der Weyde’s Article, in the Manufacturer and Builder 
for May, 1869. 


10. Defendants put in evidence “ The Manufacturer and Build- 
er,” a journal published in the City of New York, for May, 1869, 
Vol. 1, No. 5, at page 129 to foot of article in first column of page 
130. 


11. Defendants put in evidence an article from a work entitled 
“The Wonders of Electricity, translated from the French of J. 
Baile. New York, Scribner, Armstrong & Co., 1872, pp. 140-143,” 
as the same is printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear et al., pp. 611, 612, 613, and 
as there entitled. 


12. Defendants put in evidence extract from Dingler’s Polytech- 
nic Journal, Vol. 169, p. 399, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear 
et al., pp. 571, 572, and as there entitled. 


13. Defendants put in evidence “Cosmos,” Vol. XXIV., 
pages 349, 352, printed and published at Paris, March 22, 1864, as 
the same is printed in the printed record, American Bell Telephone 
Company vs. Amos E. Dolbear et al., pp. 577, 578, 579, 580, and as 
there entitled. 


14. Defendants put in evidence extract from Koenig’s Cata- 
logus des Appareils d' Acoustique,” Paris, 1865, page 5, as the same 
is printed in the printed record, American Bell Telephone Company 
vs. Amos E. Dolbear et al., pp. 581, 582, and as there entitled. 


15. Defendants put in evidence extract from Du Moncels’ Ex- 
pose des Applications de |’ Electricite, vol. 2, p. 225, edition 1854, 
vol. 3, p. 110, edition 1856, as the same is printed in the printed 
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record, American Bell Telephone Company vs. Amos E. Dolbear 
et al., pp. 532, 533, 534, and as there entitled. 


16. Defendants put in evidence three extracts from Didask- 
alia,” a journal published in Frankfort-on-the-Main, Sept. 28, 1854, 
No. 232, and on May 11, 1862, No. 130, and on May 14, 1862, No. 
133, the first of the same as it is printed in the printed record, 
American Bell Telephone Company vs. Amos E. Dolbear, et al. pp. 
531, 532, and as there entitled, and the second and the third of the 
same as they are printed on pp. 66, 67 and 68 of a printed publica- 
tion entitled Philipp Reiss, Inventor of the Telephone,” by Sil- 
vanus P. Thompson, B. A. D. &., Professor of experimental 
Physics in University College, Bristol, London, 1883. 


Counsel for complainants objects to the introduction of 
the last two extracts from Thompson's book, as W 


and incompetent. 


17. Defendants put in evidence extract from Frankfurter con- 
versationsblatt, Nov. 29th, 1861, and June 30th, 1863, as the same 
is printed in the printed record American Bell Telephone Company 
vs. Amos E. Dolbear et al., pp. 535, 536, 537, and as there entitled. 


18. Defendants put in evidence extract from “ Fortschritte Der 
Physik, XVII., for 1861, pp. 171-3,” a Journal published in Berlin, 
as the same is printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear et al., pp. 544, 545, 546, and 
as there entitled. 


19. Defendants put in evidence extract from Lehrbuck der 
Physik and Meteorologie, Von Joh. Muller, Liebente Auflage, 
Zweiter Band, 1868, pp. 386-389, Galvanisches Tonen,” as the same 
is printed in the printed record, American Bell Telephone Company 
vs. Amos E. Dolbear et al., pp. 603, 604 and 605, with the accom- 
panying cuts, and as there entitled. 


20. Defendants put in evidence extract from “ Bottger’s Poly- 
technisches Notizblatt,” Nos. 1 to 24 inclusive, published in 1863, 
as the same is printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear et al., pp. 557, 558, 559, 660, 
and as there entitled. 
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DEFENDANTS EXHIBITS. 


21. Defendants put in evidence extract from “ Deutsches Klinik, 
No. 48, Nov. 28, 1863, pp. 468, 469, as the same is printed in the 
printed record, American Bell Telephone Company vs. Amos E. 
Dolbear et al., p. 535, and as there entitled. 


22. Defendants put in evidence extracts from the “ Deutsche 
Industrie Zeitung, 1863, Chemnitz,” as the same is printed in the 
printed record, American Bell Telephone Company vs. Amos E. 
Dolbear et al., pp. 553, 554, 555, 556, 557, and as there entitled. 


23. Defendants put in evidence extract from “ Die Gartenlaube,” 
No. 51, December, 1853, as the same is printed in the printed record, 
American Bell Telephone Company vs. Amos E. Dolbear et al., pp. 
572, 573, 574, 575, 576, 577, with the accompanying cut, and as 
there entitled. 


24. Defendants put in evidence extract from Polytechnisches 
Centrablatt, 1863, pp. 857-9,” as printed in printed record, American 
Bell Telephone Company vs. Amos E. Dolbear et al., p. 560, and as 
there entitled. 


25. Defendants put in evidence extract from “Journal of the 
Society of Telegraphic Engineers and of Electricians for March, 
1883, No. 46,” as printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear et al., pp. 561, 562, 563, 564, 


With the accompanying cut, and as there entitled. 


26. Defendants put in evidence Tagesblatt der 39 Versamm- 
lung Deutsche Naturforscher,” published in Giessen, in September, 
1864, as the same is printed on page 94 of Prof. Sylvanus P. Thomp- 
son's book on Philipp Reiss, before referred to. 


Objected to as inadmissible and incompetent. 
27. Defendants put in evidence Zollner’s Buch der Erfunden- 
gen, published in Leipsic and Berlin in 1865 and in 1872. 
| [See Deposition Dr. Van der Weyde, Ints. 194, 195.] 
28. Defendants put in evidence extract from Handbuch der 


Angewandten Elecktricitatalehre Von Karl Kuhn, 1865, pp. 1017- 
1021,” as the same is printed in the printed record, American Bell 
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Company vs. Amos E. Dolbear et al., pp. 593, 594, 595, 
596, 597, 598, 599, with the accompanying plates, and as there en- 
titled. 


29. Defendants put in evidence extract from “Catalogue of J. 
Wilh. Albert, mechanician at Frankfort-on-the-Main, 1873,” as the 
same is printed in the printed record, American Bell Telephone 
Company vs. Amos E. Dolbear e¢ al., p. 613, and as there entitled. 


30. Defendants put in evidence Zeitschrift Deutsch Oesterrich- 
ischen Telegraphen-Vereins,” published at Berlin, Prussia, in the 
year 1862, Vol. 9, p. 125; containing a reprint of the Reis-Legat 
Article.” 


31. Defendants put in evidence extract from Aus der Natur,” 
published in Leipsic, 1862, Vol. 21, pp. 470, 471 to p. 484. 


32. Defendants put in evidence extracts from “Zeitschrift des 
Architectur und Indenieur Verein,” 1866, Vol. 12, p. 147, marked 
“J. A. Welch, Special Examiner, May 13, 1884.” 


33. Defendants put in evidence extract from The Dublin Med- 
ical Press,” 1863, Vol. 50, No. 1293, p. 471, marked “J. A. Welch, 
Special Examiner, May 13, 1884.” 


34. Defendants put in evidence extract from Cosmos, 1868, 
Vol. 23, p. 705, marked J. A. Welch, Special Examiner, May 13, 
1884.” 


35. Defendants put in evidence extract from “ Scientific Ameri- 


can Supplement,” February 5, 1876, pages 92, 93, marked “J. A. 
Welch, Special Examiner, May 13th, 1884.” 


36. Defendants offer in evidence extract from “Scientific Ameri- 
can,” of March 4th, 1876, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear et 
al., pp. 614, 615, 616, 617, with the accompanying plate, and as there 
entitled. 
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May 14, 1884. 
37. Defendants put in evidence extract from “Electric Tele- 
graph,” by Dr. Lardner, pp. 164-167, as the same is printed in the 
printed record, Bell Telephone Company vs. Peter A. Dowd, 
pp. 699, 700, 701, 702, with the accompanying cuts, and as there 
entitled. 


38. Defendants put in evidence extract from “ Annual Report of 
American Association for the Advancement of Science,” for 1869, 
as the same is printed in the printed record, American Bell 
Telephone Company vs. Amos E. Dolbear et al., p. 610, and as there 
entitled. 


39. Defendants put in evidence extract from “The Telegraphic 
Journal and Electrical Review,” published in London in the year 
1875, Vol. 3, at pp. 286, 287, 288. 


40. Defendants put in evidence Letters Patent of the United 
States, granted to Thomas A. Edison and George Harrington, dated 
August 12, 1873, No. 141,777, as the same are printed in the printed 
record, Bell Telephone Company et al. vs. Peter A. Dowd, pp. 571, 
572, 573, with the accompanying plate, and as there entitled. 


41. Defendants put in evidence Letters Patent of the United 
States, granted to Elisha Gray, July 27, 1875, No. 166,096, as the 
same are printed on pages 615, 616, 617, 618, 619, 620, in the printed 
record, Bell Telephone Company et al. vs. Peter A. Dowd, and as 
there entitled. 


42. Defendants put in evidence Letters Patent of the United 
States, granted to Elisha Gray, dated July 27, 1875, No. 166,094, as 
the same are printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pp. 577, 578, 579, with the accompanying 
cut, and as there entitled. 


43. Defendants put in evidence Letters Patent of the United 
States, granted to Elisha Gray, dated July 27, 1875, No. 166,095, as 
the same are printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pp. 579, 580, 581, 582, with the accompany- 
ing cut, and as there entitled. 
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Also, as printed on pp. 605, 606, 607, 608, 609, 610, 611, 612, 613, 
614, 615 of the same record, and as there entitled. 


44. Defendants put in evidence caveat filed by Elisha Gray in 
the United States Patent Office, February 14, 1876, as the same is 
printed in the printed record, Bell Telephone Company et al. vs. 
Peter A. Dowd, pp. 682, 683, 684, 685, 686, 687, 688, 689, 690, 691, 
with the accompanying plate, and as there entitled. 


45. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated April 11, 1876, No. 175,971, as 
the same is printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pages 651, 2, 3, 4, with the accompanying 
plates, and as there entitled. 


46. Defendants put in evidence Letters Patent granted to Elisha 
Gray, dated January 16, 1877, No. 186,340, as the same is printed in 


the printed record, Bell Telephone Company t al. vs. Peter A. 
Dowd, pp. 667, 668, 669, 670, 671, and as there entitled. 


47. Defendants put in evidence British Letters Patent granted 
to Cromwell Fleetwood Varley, dated April 8, 1870, No. 1044, as the 
same is printed in the appendix to the printed record, American 
Bell Telephone Company vs. Amos E. Dolbear & al., between the 
printed patent No. 78,495, and the printed patent No. 239,742, with 
the four accompanying plates, and as there entitled. 


48. Defendants put in evidence British Letters Patent granted 
to John Henry Johnson, July 29, 1874, No. 2646, as the same are 
printed in the printed record, Bell Telephone Company et al. vs. 
Peter A. Dowd, pp. 565, 566, 567, 568, 569, 570, 571, with the ac- 
companying plates, and as there entitled. 


49. Defendants put in evidence British Letters Patent granted 
to Charles Wheatstone and William F. Cooke, dated January A, 
1840, No. 8345, as the same are printed in the printed record, Bell 
Telephone Company & al. vs. Peter A. Dowd, pp. 501 to 546, inclu- 
sive, and as there entitled. 


50. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated February 15, 1876, No. 173,460, 
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as the same is printed in the printed record, Bell Telephone Com- 
pany et al. vs. Peter A. Dowd, pp. 650, 651, with the accompanying 
plate, and as there entitled. 


51. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated July 20, 1875, No. 165,728, as 
the same are printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pp. 573, 574, 575, 576, with the accompany- 
ing plate, and as there entitled. 


52. Defendants put in evidence Letters Patent of the United 
States granted to Robert M. Lockwood and Samuel H. Bartlett, 
dated June 15, 1880, number 228,824, and marked “ Defendants’ Ex- 
nibit Lockwood & Bartlett s Patent for transmitter for telephones, 
J. A. Welch, Special Examiner, May 14, 1884.” 


53. Defendants put in evidence Letters Patent of the United 
States granted to Robert M. Lockwood and Samuel H. Bartlett, 
dated June 15, 1880, number 228,825, and marked “ Defendants’ Ex- 
hibit Lockwood and Bartlett Patent for Telephone Receiver, J. A. 
Welch, Special Examiner, May 14, 1884.” 


54. Defendants put in evidence the deposition of William M. 
Goodridge taken in case, Bell Telephone Company et al vs. Peter 
A. Dowd, as the same is printed in the printed record in said case, 
pp. 68 to 110 inclusive, and on pages 269 to 278 inclusive ; also the 
deposition of Elisha Gray taken in said case, as the same is printed 
in the same record, on pages 111 to 156 inclusive, and on pages 279 
to 285 inclusive ; also the exhibits printed in said record on pages 
573 to 691 inclusive, with the preceding plate, and the plate exhib- 
its printed between pages 718 and 719 of said record, and as there 
entitled, and the exhibits printed in said record from pages 719 to 
735 inclusive, and the plates printed between pages 735 and 736 of 
said records, and as there entitled, and the exhibits printed on pages 
736 to 746 inclusive, and the plates printed between pages 746 and 747, 
and as there entitled, and the exhibits printed between pages 747 
and 760 inclusive ; also the plates printed on pages 762 to 771 in- 
clusive, also on pages 773; also the first three exhibits on page 775, 
and as there entitled, except the reference to the record. 


55. Defendants put in evidence the testimony for James W. Mo- 
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Donough with the accompanying exhibits, taken in the speaking 
telephone interferences, to the end of page 67, marked “ Defend- 
ants’ Exhibit McDonough evidence, J. A. W., Special Examiner, 
May 14, 1884.” 


56. Defendants put in evidence copy of stipulation between the 
respective parties in this suit, and the same is marked Exhibit 
Stipulation of parties, J. A. Welch, Special Examiner, May 14, 
1884.” 


May 20, 1884. 


57. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated February 15, 1876, number 
173,613, and the same is marked “ Defendants’ Exhibit, Gray's Pat- 
ent of February 15, 1876, J. A. W., Special Examiner, May 20, 1884.” 


58. Defendants put in evidence Letters Patent of the United 
States, granted to Alfred G. Holcomb, dated May 15, 1860, number 
28,274, and marked “ Defendants’ Exhibit Patent of Alfred G. Hol- 
comb, J. A. W., Special Examiner, May 20, 1884.” 


59. Defendants put in evidence Letters Patent of the United 
States granted to William Thompson, dated November 17, 1874, 
number 156,397, and marked “ Defendants’ Exhibit Patent of Will- 
liam Thompson, J. A. W., Special Examiner, May 20, 1884.” 


June 7, 1884. 


60. Defendants offer in evidence United States Patent Office 
copy of Specification forming part of Letters Patent No. 32,478, 
dated June 4, 1861. 

It is stipulated between the counsel, Mr. Dickerson, for com- 
plainants, and Mr. Peckham, for defendants, that the preceding ex- 
hibit being specification of Letters Patent, No. 32,478, dated June 4, 
1861, shall have the same force and effect in this cause as if the 
same had been specifically set up in the answer. 

J. A. WELCH, 
ial Examiner. 
June 18, 1884. 
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61. Defendants offer in evidence an article entitled “ Improve- 
ment in Electro-Magnets,” printed in the “Scientific American,” 
New Series, Vol. IIL, No. 17, October 20, 1860, p. 264, and the 
same is marked “J. A. W., Sp. Exr., June 18, 1884.” 

J. A. W., 
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(Mo. 1.) Defendant's Exhibit Schellen Translation. 
J. A. W., Examiner. 


[Introduced, Record, page 4.] 


TRANSLATION FROM Won ENTITLED “ Den ELECTROMAGNETISCHE 
TELEGRAPH,” BY Dr. H. Sen, 1867, aan 539-542. 


“ Figure 375 represents the action of the electro-magnet E upon 
the printing mechanism of the apparatus, and also the device for 
coupling together the two parts 6 and “ of the printing axis. 

The cores of the electro-magnet are not connected together at 
the back by a yoke, as in the case of an ordinary electro-magnet, 
but as shown in Fig. 376, they are attached to the N and S poles of 
a powerful steel magnet. The action of this magnet upon the cores 
is regulated by means of an armature of soft iron placed on the legs 
N and S which can be moved up or down. The nearer it is placed 
to the end of the poles the less will be the magnetic effect upon the 
cores of the electro-magnet. 

By this arrangement the cores are constantly magnetic, and 
attract the armature n (Fig. 375), as long as no current passes 
through the coils. A strong steel spring r operating on the arm F 
serves by its attractive power to withdraw the armature when, by 
the passage of a current through the coils, the magnetic power 
derived from the steel magnet is neutralized. In order to avoid 
too strong an attraction, the armature does not touch the surface of 
the poles, but is separated by a space equal to about the thickness 
of an ordinary sheet of paper. 

“When a current whose polarity is opposite to the polarity of 
the steel magnet is passed through the coils E, E the magnetism is 
weakened or neutralized, and it no longer holds the armature 
against the retractile force of the spring r, which immediately draws 
the armature upward with considerable power. This movement is 
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communicated to the lever 4 7 which has its center of motion at the 
axis H. One end of the lever resta, with an adjusting screw, on the 
top of the armature; therefore, when under the action of the cur- 
rent, the armature is released and flies upward, one extremity 7 is 
raised with it, while the other goes downward, and it is by this 
movement that the coupling of the two portions of the printing aus 
3. & (Figs. 369 and 370) is effected, and the motion of the wheel 
work transmitted from the pinion 5 to the front part of the printing 
axis 4’ and its four cams. 

“The transmission of this motion is effected im the following 
manner: On the back part of the printing axis 5,, a wheel 9 (Fig. 
345), with very fine and strong teeth, is fixed. On the front part of 
the axis & is a circular sector IF, on one side of which is a flyer c, 
to which is attached a detent c. This detent has three teeth which 
gear into the teeth of wheel g. On the other side of the sector is a 
spring 5 which presses down the toothed detent, which with its 
flyer c is allowed to rise and fall a little. When it is free as repre- 
sented in Fig. 375, the spring v presses the detent c, into the teeth 
of wheel g, and it revolves with the wheel in the direction indicated 
by the arrow, and thus the rotation of printing axis 5, at once 
effects the revolution of the circuit / T and the axis 5,. When, how- 
ever, c is raised, its teeth leave the wheel g ; the latter continues to 
turn while the motion of the sector and the axis 5’ is arrested. 

The sector / F also carries an eccentric cam u, which raises the 
end @ of the lever, when by the action of the armature u it has fallen. 
This movement presses the armature against the poles of the mag- 
net, where it remains attracted by the permanent magnetism of the 
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cores so long as no current passes through the coils. When in the 


position shown in the engraving, the sector / tun in the direction 
of the arrow, and after making half of a revolution the front part (in 
Fig. 375 the lowest part) of the cam u slides under the extreme end 
of lever . As the following end of the cam is more distant from 
the axis l than the front end, the extreme end of lever & is raised 
by the cam, the other end d consequently falls and the adjusting 
screw returns the armature to the poles of the electro-magnet. 

“In the figure the front end of the cam u has not reached the 
end of the lever d, therefore this end is depressed, and the toothed 
detent is still engaged with the teeth of wheel g. When the axis & 
is turned a little farther d will have reached its highest position, 
and d will be resting against the armature of the magnet. The 
axis B, sector IT, and flyer < continue to revolve; but when the 
revolution of the axis 5 is nearly completed the flyer e, towhich <" 
is attached, reaches the inclined end of the arm d, which is now 
firmly held, and moves upward, lifting c out of the teeth of wheel g 9 
By this the printing axis i is disconnected from I, and the revolving 
wheel work and its motion arrested, in which position of rest it 
remains until the arm d again falls, owing to the release of the 
armature by a current passing through the coils, when the flyer e 
is set free; c again catches into the wheel g, and thus both & and 
J are again coupled together. It will be seen that the printing 
axis 6’ makes a complete revolution at each action of the electro- 
magnet, and that the movement of armature u and the release and 
action of the printing mechanism is effected exclusively by me- 
chanical power, and not by the power of an electric current. The 
current, during its very short duration, merely weakens or destroys 
the permenant magnetism of the cores of the magnet, at which the 
spring r raises the armature nx and through the lever d & regulates 
the motion of the printing mechanism.” 
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Ne Hin- Huiuõ,ꝭmJ, Key.—Tostead of the Morse ker, 
induction coil, and local battery, Siemens and Halske une also an 
imstrument arnanged in the form of a key, hy whiel a coil of wire, 
wound on 2 soft iron armature, is oscillated between the poles of a 
permanent magnet, and develops alternate currents for working the 
polarized relay. 

“The magneto-induction key is shown in Fig. 75 in perspective. 7 
S and N are two rows of permanent bar-magnets ; the upper ones 
with their North ends, and the lower ones with their South ends in 
contact with a stout plate, p, of soft iron im the same way is 
in the transmitter of the magnetic electric pointer telegraph 
of the same inventors. Between the poles of this system, and | 
oscillated in an angle of a few degrees by means of a handle, H. in 
the frame between two screw points, is a soft irom armature as long \ 
as the magnet system is wide, cut in deep longitudimal grooves on * 
opposite sides, as is showm by the sectional sketeh Fig. 76. Inthese 
grooves the coil C of fine insulated wire is wound. The play of the 
handle is limited by two adjusting screws in the frame A. When at 
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rest, the handle is held against the upper screw Wee 
S stretched between the handle and front of the triangelar piece D 
; on the top. 


=e 


| 
“ One end of the coil of wire on the armature is attached to the 
screw T on the terminal K. from which one connection goes to line 
and another to the screw w. at the foot of the frame A. The other 
| end of the coil is connected with the metal frame supporting the 


armature, and through the axis 7, to the upright support Q, from 


t which a leading wire goes to terminal ¢ and earth: 
] “When the current arrives while the instrament is in circuit 


| with the line, it goes from L over R, W, upper adjusting screw in A, 
through handle H. axis 7, O. t, earth, without traversing the coil. 
This is the purpose of the connection between R and W. 

“When the handle is pressed down, the polarity of the armature 
is reversed, and a positive magneto-electric current induced in the 
coil, which circulates also in the line wire, and deflects the tongue 
) of the polarized relay at the receiving station, from the insulated 
) point, and closes the local circuit so long as the key is held down, 
and no negative current induced by letting the key go back to its 
position of rest.” 
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J. A. Wetcu, Special Examiner, May 12, 1884. 


[Introduced, Record, page 4.] 


§ 5. Sir William Thomson's syphon recorder actually draws: on 
paper the curves which we have learnt to construct theoretically. 
Ink is spurted from a fine glass tube on to paper drawn past it with 
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a uniform motion; the glass point of this tube moves to the right or 
left through distances proportional at each instant to the strength 
of the current, and thus the signals are drawn on the paper in the 
form of curves representing the strength of the current at each in- 
stant of time. 

The glass tube n (Fig. 163) is pulled backwards and forwards by J 
ae being connected through the threads A and lever i with a very 
. light movable coil 5 5 placed between the two poles of a very pow- 
mah erful electro-magnet, not shown. A soft iron fixed core a is placed 
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in the center of the coil. The coil cacillates about a vertical ain, 
being directed by a bifilar arrangement F fi. The received current 
passes through this coil from the terminals f fi; the vertical arms of 
the coil are impelled across the magnetic field in one direction or 
the other according to the sign and strength of the received current. 
The magnetic field in this arrangement is very intense and very uni- 
form, which gives great sensibility to the apparatus. The glass 
syphon u isstrung on the wire / Ii, the shorter end dips in the ink - 
trough m, and the longer end is opposite the paper 0; the syphon 
can be withdrawn from the ink by the slide ; the spring g keeps 
the threads E A taut ; the directing force of the bifilar arrangement 
is adjusted by varying the position of the bracket; the two weights 
ww, hang from the coil by the two directing threads. If the coil is 
shunted so that there is a comparatively short circuit through which 
the current induced by its motion can flow, the electro-magnetic in- 
duction of the magnet on the coil tends to check rapid oscillations 
not due to the signals. 


A certain portion of the received current is lost through the 
shunt, which is, however, rarely required, for the capacity of the 
cables connected with the coil is such that a very sensible induction 
tukes place even without the shunt. 

The ink is electrified by an induction machine similar in princi- 
ple to that described in Chapter XIX, § 1, and is thus made to fly 
to tlre oppositely electrified strip of paper in a succession of fine 
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(No. 4.) Defendants’ Exhibit, Hacsler’s Deere 
of Reis. 


Extract from Hassler e Technical Physics, Vienna, 1866, Vol. J, 


p. 648. 
J. A. W., Sp. Ex'r. 
[Introduced, Record, p. 5.] 


The subject of phonotelegraphy will end this chapter. This 
rests upon a phenomenon first observed by Page, afterwards con- 
firmed by Mariana, and more exactly studied and experimented 
upon by Wertheim ; that is, that iron, under the influence of alter- 
nate magnetizing and demagnetizing by means of a galvanic helix, 
is set in longitudinal vibration and gives forth sound; and Reis 
showed beyond doubt the possibility of phonotelegraphy by means 
of an apparatus called by him telephone (Fig. 429), consisting of two 
parts—the actual telephone (I), and the reproduction apparatus 
(II), used at the second station at a distance. Both parts are con- 
nected with one another and with a battery s, as in ordinary tele- 
graphs. The battery s must be strong enough to work the armature 
a of the electro-magnets e e (three or four six-inch Bunsen’s elements 
are sufficient for a distance of several hundred feet). The current 
passes from s to the binding screw 2, thence through the strip of 
copper n into the disk of platinum o, resting on the middle of a thin 
circular membrane (hog’s gut) stretched across the upper end of the 
wooden box , afterwards it goes through the foot (platinum point) 
of the metallic angle a 6 c (this point standing on the disk o), into 
a vertical screw, provided with a small cavity at its upper end con- 
taining a drop of mercury, into which there dips from a a, a platinum 
point suspended above, while the angle a5 c rests at c, on a small 
metallic pillar, so as to be very easily made to vibrate about a and 
c. From this pillar (at e) the current goes through the key é and 
into the binding screw i connected with the wire leading to the pil- 
lar, thence through a wire stretched from this screw into the bind- 
ing screw 3 on the apparatus 4, then through the key ¢ of this ap- 
paratus into the bobbin g (magnetizing coil), inclosing the iron or 
steel wire d d, of the thickness of a knitting needle into the binding 
screw 4, and finally thence by wire back to the second-pole of the 
battery s. If, now, we produce sufficiently strong tones by means 
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HASSEER'S DESCRIPTION OF REIS. * 
of organ pipes in front of the opening of the tube T (or sing them 
through the tube T in the hollow box £), the waves of the sound set 
the membrane m into regular vibrations. Every condensation oo- 
curring beneath m at once raises the disk of platinum o, together 
with the platinum point 5 (the foot of the angle a 5 c) when the 
rarefaction occurs and m moves downward again, the angle a ö c 
cannot immediately follow the disc o, and the current is interrupted, 
and a similar interruption occurs with every vibration of m, and in 
this way are produced just as many vibrations in the wire d, d of the 
coil g, at station II as the membrane makes; these vibrations are 
perceived there as tones and combination of tones (accords). 
These tones are much strengthened by covering the coils with a box 
of resonant wood d for a sounding board, so placed as to fit the 
sounding board 5 below. The keys X and X make it possible to 
communicate short messages as necessity arises, between station I 
and II (Z. G., to signify from II to I that they are ready to receive 
communications at IT). For by pressing down the keys the electro- 
magnet ¢ is included in the circuit, the armature a drawn up and 
made to strike upon 4. 

The telephone is yet in its infancy, it is true, but even now, by 
employing powerful currents it transmits at a distance not only sol- 
itary tones, but even tunes consisting of slow consecutive tones, 
quite perceptibly and distinctly. 
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(No.5) Defendants’ Exhibit, Reis Lecture. 


J AHRES- BERICHT DES PHYSIKALISCHEN VEREINS ZU FRANKFURT AM Mam; 
FUR DAS RECHNUNGS JAHR, 1860-61. 


Yearly Report of the Physical Society at Frankfort-a-M., 1860-61 ; 
pp. 57-64 (published in 1862). 


J. A. W., Sp. Ex’r. 
[Introduced, Record, page 5.] 


“ On Telephony by Means of the Galvanic Current, by Philipp Reiss.” 

The extraordinary results in the field of telegraphy have pro- 
bably often raised the question, if it might not be possible to trans- 
mit musical tones themselves (Tonsprache) to a distance? Experi- 
ments made in this direction could not, however, produce any 
result at all satisfactory, because the vibrations of conducting media 
soon loose their intensity to such an extent that they are no longer 
appreciable by our senses. 

A reproduction of tones (Tonen) at certain distances by means 
of a galvanic current has probably been thought of, but the practi- 
cal solution of this problem has certainly seemed the most doubtful 
to the very persons who, from their knowledge and appliances, were 
in the best condition to attack it. Toa person having only a super- 
ficial knowledge of physics the problem presents far less difficulties, 
simple because the most of them are unperceived. About nine 
years ago I also (having an extraordinary enthusiasm for what was 
new and an insufficient knowledge of physics) had the boldness to 
attempt the solution, but was soon forced to desist because the 
very first experiment convinced me of the impossibility of its 
solution. 

Later, after further study and experience, I came to see that my 
first experiment had been a very rough and by no means conclusive 
one ; I did not, however, follow up the subject seriously, because I 
did not feel myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not 
easily effaced. I could never get rid of the thought of that first ex- 
periment and its occasion, notwithstanding all that reason says to 
the contrary, and thus, half unwillingly, this project of my youth 
was reviewed in hours of leisure ; the difficulties and the means for 
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condensation (H, the curve below the line rarefaction (—), then 


ovescemning them wore weighed; but for tho posent, ot leest, ne 
experiment was made. 

How indeed could a single instrament reproduce the combined 
effect of all the organs occupied in human speech? This was always 
the cardinal question ; finally I got the notion of putting the ques- 
tion in another way— 

How is our ear affected by the totality of vibrations produced by 
the organs of speech, all simultaneously active? Or more generally— 
How are we affected by the vibrations of several simultaneously 
sounding bodies ? | 

To answer this question, we must, in the first place, understand 
what must happen in order that we may perceive a single tone. 

Without our ear, any tone is nothing else than a recurrent con- 
densation and rarefaction of some body repeated at least seven or 
eight times in a second. If this occurs in the same medium in 
which we are, the membrane of the ear is at each condensation 
forced towards the middle ear, to be moved at the subsequent rare- 
faction in the opposite direction. These vibrations produce a 
synchronous raising and falling of the hammer upon the anvil 
(according to other authorities, an approach or receding of the ear 
bone particles), and a similar number of tremors in the fluid of the 
cochlea, in which the filaments of the auditory nerve are distributed. 
The greater the condensation of the conducting medium at. any 
given moment, the greater is the amplitude of vibration of the mem- 
brane and hammer, and consequently the more powerful the blow 
upon the anvil and the vibration of the nerves by means of the 
fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up to the auditory nerve every condensation and rarefac- 
tion occurring in the surrounding medium. But the office of the 
auditory nerve is to bring to our consciousness the vibrations of matter 
which have occurred in a given time, both as regards number and 
amplitude. Here, for the first time, certain combinations receive a 
ngme; here, certain vibrations are tones or nowes (Tone oder 
Misstine). 

What our auditory nerve perceives is, then, simply the effect of 
a force coming within the range of consciousness, and this force can 
be represented both as to duration and magnitude graphically by a 
curve. 

Let a 6 represent any given time, and the curve above the line 
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any ordinate raised from the end of any abcissa will represent the 


degree of condensation, at the time represented by its base, in 


consequence of which the drum of the ear vibrates. 


— Et 


Our ear can under no circumstances appreciate more · than can 
be represented by these curves, and this, indeed, is entirely sufficient 
to give us a clear perception of any tone (Tun) or any combination 
of tones. 

If several tones (Tonen) are produced at the same time, the con- 
ducting medium is subjected to the influence of several simul- 
taneous forces, and the two following laws will hold good. If the 
forces act in the same direction, the amplitude is proportional to 
the sum of the forces; if the forces act in opposite directions, the 
amplitudes are proportional to the difference of the opposing 
forces. 8 

If, for example, in the case of three tones, we draw the curve of 
condensation of each separately, then by a summation of the ordinates 
of corresponding abscissas, we can determine new ordinates and 
develop a new curve, which might be called the combination curve. 
This represents exactly what our ear perceives of the three simul- 
taneous tones. The fact that the musician can distinguish the 
three tones need not surprise us any more than the fact that any one 
acquainted with the theory of colors can in green discover blue and 
yellow ; but the combination curves in Plate I. show that this diffi- 
culty is a slight one, for in these curves all the relations of the 
components successively recur. In the case of chords, of more 
than three notes the relations are not so readily seen from the 
drawing, Plate II., for example. In the case of such chords, how- 
ever, the skilled musician also finds difficulty in recognizing the 
separate notes. 

Plate III. illustrates discord (Dissonanz). Why discords impress 
us unpleasantly I will leave my readers to judge at this time, 
though I may, perhaps, return to the subject subsequently in an- 
other paper. 
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From the preceding it follows : 

Firet. Every tone (Zon) and every combination of tones, on 
striking our ear, causes vibrations of the drum of the ear, the suc- 
cession of which may be represented by a curve. 

Second. The succession of these vibrations alone gives us a con- 
ception (Sensation) of the tone, and every alteration changes the 
conception (Sensation). 

As soon then as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
given tone or combination of tones, we shall receive the same 
impression as that tone or combination of tones would have pro- 
duced on us. 

With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce 
the tones of various instruments, and even to a certain extent the 
human voice. It is very simple and by means of the figure will be 


easily understood from the following explanation : 
1 


7 


— 


29002020608 
oo 
9 
— 3 


In the cubical block of wood r s ¢ u v w z there is a conical per- 
foration a, closed at one end by a membrane 5 (pig’s intestine), 
upon the middle of which there is cemented a conducting strip of 
platinum; this is connected with the binding screw (Auf deren 
mit der Kleume p in Verbindung.) From the binding screw u, 
another thin strip of metal (en dunnes Metallstreischen) extends 
until over the middle of the membrane, and ends here in a 
platinum wire placed at right angles to its length and surface, 
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From the binding screw p a conducting wire runs through the 
battery to the distant station, being connected with a coil of silk- 
covered copper wire, and this again is connected with a conductor 
leading back to the binding screw n. 

The coil at the distant station is about six inches long, is com- 
posed of six layers of fine wire, and, as a core in its centre, has a 
knitting needle which projects about two inches at both ends. By 
means of the projecting ends the coil rests upon two bridges of a 
resonant case. (All this part can of course be replaced by any other 
apparatus by means of which the well-known “galvanic tones” can 
be produced.) 

If now tones or combinations of tones are produced in the neigh- 
borhood of the block, so that sufficiently powerful waves enter the 
opening a, then these sounds cause the membrane d to vibrate. At 
the first condensation the hammer-like wire d is pushed back; at 
the rarefaction it cannot follow the retreating membrane, and ‘the 
current traversing the strip remains broken (Strom bleibt so lange 
unterbrochen bis, etc.), until the membrane forced by anew conden- 
sation again presses the strip (proceeding from p) against d. In this 
way each sound wave causes a breaking and closing (ein Oeffnen und 
ein Schliessen) of the current (Stromes). 

At each closing (Schliessen) of the circuit (kette) the atoms of 
the iron wire inside the distant spiral are moved away from each 
other (Pouillet Muller, page 304, Vol. II., 5th edition); on breaking 
the circuit (beim unterbrechen des Stromes) these atoms seek to 
regain their position of equilibrium. When this happens, in conse- 
quence of the reciprocal actions of elasticity and inertia, a number 
of vibrations are produced, and they give the longitudinal sound of 
the rod (see as above). This is the case if the making and breaking 
of the current (Unterbrechungen und Schliessungen des Stromes) oc- 
cur with comparative slowness. If they occur more rapidly then 
the oscillations of the iron core, due to its elasticity, the atoms can- 
not complete their course. The paths described become shorter 
in proportion as the interruptions are more frequent, but then are 
just as numerous as these. 

The iron wire no longer gives its longitudinal (normal) tone, but 
a tone whose pitch corresponds to the number of interruptions (Un- 
terbrechungen) (in a given time): This is the same as saying that 
the rod reproduces the tone (Ton) impressed upon the interrupter (dem 
Unterbrechunges apparat). The intensity also of this tone is pro- 
portional to that of the original one, for in proportion as this is 
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more intense the motions of the membrane are greater; the motions 
of the hammer, also, and finally the time during which the circuit 
remains opened is greater, and, consequently, up to a certain limit 
* the motions of the atoms in the reproducing wire are greater, we 
perceiving them as greater vibrations in just the same way as we 

would have perceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
7 aa iat ES Oe 0 EE . 
phone.“ 

Now, in reference to the capabilities of the telephone, it may be 
stated that I wasenabled to renderaudible to the members of a large, 
assembly (The Physical Society at Frankfort-a-M.) melodies which 
were sung not very loud into the apparatus in another house three 

5 hundred feet away with closed doors. 

Other experiments showed that the sounding wire was capable 
of reproducing complete chords of three tones of the piano, upon 
which the telephone was placed, and that it reproduces equally well 
the tones of other instruments, accordeon, clarinet, horn, organ 

N pipes, &c., provided that the tones are within the compass F—f. 
| Of course, in all experiments, sufficient precautions were taken 
1 


to insure that there was no direct conduction of sound. This is very 
easily done by making a momentary short circuit immediately in 

~ front of the coil, by which means its action is temporarily inter- 
rupted. 

Hitherto it has not been possible to reproduce the tones of hu- 
man speech (Tonsprache des Menschen) with a distinctness suffi- 
cient for every one. The consonants are for the most part repro- 

| duced pretty distinctly, but the vowels, as yet, not in an equal de- 
gree. The cause of this I will attempt to explain. 

|" Ascording to the experiments of Willis, Helmholtz and others, 

vowel tones can be produced artificially if the vibrations of one body 


are from time to time augmented by those of another somewhat as 


follows: 

An elastic spring is set in vibration by the blow of a tooth on a 
toothed wheel; the first vibration is the greatest, and each subse- 
quent one is smaller than the preceding. 
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If, after a few vibrations of this kind (the spring not coming to 
rest in the meantime), the tooth-wheel imparts a new stroke, the 
following vibration will be again a maxium, and so on. 

The pitch of the tone produced in this way depends upon the 
number of vibrations in a given time, but the character of the tone 
upon the number of swellings (Anschwellungen) in the same time. 
Two vowels having the same pitch would differ in about the way 
represented by the curve (Figs. 1, 2), while the same tone without 
any vowel character would be represented by the curve (Fig. 3). 
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Our organs of speech probably produce the vowels in the same 


manner, through the combined action of the upper and lower vocal 
chords, or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an 
intensity much less than that of the original ones, though, as I have 
reason to believe, to a certain degree proportional among themselves. 


But in the case of these generally small vibrations the difference be- 


tween large and small vibrations is more difficult to perceive than in 
the case of the original waves, and the vowels, therefore, more or 
less indistinct. 

Whether or not my views as to the curves corresponding to 
sound combinations are correct could, perhaps, be decided by means 
of the new phonautograph of Duhamel (“ Bierordt Physiology,” 
page 254). 

It may be that for the practical application of the telephone 
much remains to be done. For physics it has already sufficient 
interest, from the fact that it opens a new field for research. Fried- 
richadory, near Frankfort-a-M., December, 1861, 
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Extract from “ Journal of the German-Austrian Telegraph As- 
sociation, V. 9, p, 1, 1862. 


J. A. W., Sp. Ex r. 
(Introduced, Record, page 5.] 


Concerning the reproduction of sounds by means of Galvanic Elec- 
tricity ; by FV. Legat, Royal Prussian Telegraph Inspector at 
Cassel, accompanied by Copper Plates VIII. and LX. 

It might not be uninteresting to make known, in wider circles, 
the following ideas lately communicated by Mr. Philip Reis to the 
Society of Physics and to the meetings of the Free German Institute, 
at Frankfort-on-the-Main, concerning the reproduction of tones 
(Tonen) by means of galvanic electricity, and, also, what has been 
hitherto accomplished towards the realization of this project, in order 
that the accumulated experiments may serve as a foundation to 
build upon, and that the capacity of the electric current, which, by 
human ingenuity, has already been made serviceable for correspond- 
ence, may be developed in this direction also. 

In this essay we shall not deal with the electric current as to its 
capacity for operating telegraphic apparatus of whatever construc- 
tion for the reproduction of visible signs, but of the application of this 
current to the production of audible signals—of tones (Tonen). 

The air waves, which by acting upon the ear excite in us the 
sensation of sound by primarily setting the tympanum of the ear 
into vibratory motion, are, as is well known, transmitted to the in- 
terior parts of the ear, and to the auditory nerves there located, by 
means of a lever apparatus of wonderful delicacy, the auditory bones 
(hammer, anvil, stirrup), and the attempt to reproduce tones there- 
for depends upon this to actuate an artificial imitation of this lever 
apparatus by means of the vibrations ef a membrane corresponding 
to the membrane of the ear-drum, and thereby to open and close 
(zum Oeffnen u. Schliessen) a galvanic circuit connected with a 
distant station by a metallic conductor. 

Before describing the apparatus to be used it would be proper 
to enquire how our ear apprehends the vibrations of any one par- 
ticular tone, and the combined vibrations of all simultaneous tones 
acting upon it, because thereby we may determine the operations 
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which are to be performed by the transmitting and receiving appara- 
tus in the solution of the problem. 

Examining first the processes which take place in order that the 
human ear may apprehend any single tone, we find that each tone is 
the result of alternate rarefactions and condensations repeated 
within a fixed time. If this operation occurs in the same medium in 
which the ear is placed, then at each condensation the membrane is 
forced toward the cavity of the drum and toward the opposite side 
at each rarefaction. 

These vibrations cause corresponding movements in the auditory 
bones, and are thereby transmitted to the auditory nerves. 

The greater the degree of condensation of the sound conductng- 
medium is at a given time, the greater will be the amplitude of 
vibration of the membrane and auditory bones, and the greater the 
consequent result ; and in the opposite case, so much the weaker. 
Hence, it is evidently the function of the auditory apparatus to im- 
part with faithfulness to the auditory nerves every condensation and 
rarefaction which occurs in the surrounding medium. On the other 
hand, the function of transmitting to our consciousness, both the 
number and amplitude of the resulting vibrations occurring within 
a given time devolves upon the auditory nerves. 

It is here, in our consciousness, that a certein complex phenome- 
non receives a specific name. It is here, in our consciousness, that 
the transmitted vibrations become tones (Tonen). 

Accordingly, that which is apprehended by the auditory nerves, 
is the effect of a force, reaching to our consciousness, and which 
can be made more easy of comprehension, as to its duration and 
strength, by graphical delineation. 

For example, let the length of the line a - b represent a definite 
period of time, the curves above this line the condensations (-+), 


D. 


and the curves below this line the rarefactions (—), then every or- 
dinate erected at the end of any abscissa will indicate at the moment 
of time indicated by this abscissa the degree of condensation in con- 
sequence of which the membrane of the drum vibrates. 

The ear is not capable of perceiving more than can be represent- 
ed in this way, or more than can be represented by similar curves ; 
this is, however, sufficient to convey to our consciousness any single 
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tone (Ton) or any required combinations of tones. For, if several 
tones are generated simultaneously, then the tone-imparting medium 
is irfluenced by several forces, acting at the same time, and subject 
to mechanical laws. 

If all the forces act in the same direction, then the amount of mo- 
tion is in proportion to the sum of all the forces; if, on the other 
hand, the forces act in opposing directions, then the amount of 
motion is in proportion to the difference between the opposing 
forces. 

From these principles, it follows that the curves representing the 
condensations of a number of simultaneously generated tones may 
be combined in a single curve of condensation, which will indicate 
with precision what our ear apprehends through the reception of 
these simultaneously acting tones. 

The objection generally made to this proposition, that a musi- 
cian, or any person, is able to distinguish the simple tones out of 
which these composite curves are formed or arise, should not be al- 
lowed to militate against it; as it is also possible for some who are 
familiar with the study of colors to distinguish in green, for exam- 
ple, the mixture of yellow and blue, in their varied shades ; and the 
one phenomenon, as well as the other, is referable to the fact that 
each observer is very familiar with the factors of that product which 
has been conveyed to his consciousness. 

By the explanations heretofore given, it is easy to construct the 
curves representing the condensations of various tones, chords, etc., 
and a few examples are given by way of illustration : 

Fig. 1, Plate VIII, represents a compesite curve, formed of three 
tones, in which all the proportions of the components recur suc- 
cessively. 

Fig. 2 represents a similar curve, formed of more than three 
tones ; in this case, however, it is no longer possible to represent the 
proportions so clearly in the drawing, yet an experienced musician 
will be able to discern them even here, although in practice it 
might be difficult for him to recognize the separate tones in such a 
chord. 

The advantage of representing the operation of tones upon the 
human ear after this manner, is that it gives the clearest view pos- 
sible of the course of the process; the representation here given 
also shows why a discord (dissonanz), Fig. 3, must affect the ear 


disagreeably. 
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This apparent digression from the subject under consideration 
was necessary to demonstrate that as soon as we are able, in any 
place and in any manner, to reproduce vibrations of such curves 
and intensities as are equivalent to the curves and intensities of the 
vibrations of any particular tone, or of any particular combination 
of tones, we shall have the same impressions as were produced upon 
us by this original tone, or these original combinations of tones. 

The apparatus described hereafter offers the possibility of 
producing these vibretions in every manner desired; and by the use 
of galvanic electricity it is possible to evoke, at any distance, vibra- 
tions like (gleiche) those which have been so produced and in 
this way to reproduce in any place the tones which have been 
generated at another place. 

In Plate IX, Fig. 4, A is the tone transmitter (Tonangeber), and 
B the tone receiver (Tonempfanger), and these two instruments 
are set up at different stations. I must observe at the outset that 
the arrangement of the instruments for sending backwards and for- 
wards is omitted for greater clearness; and, likewise, as the whole 
thing is not presented as a completed fact, but only to call to the 
notice of a wider circle what has been already ascertained, the pos- 
sibility of the working of the apparatus ata distance greater than 
the limited direct working allows at present is left out of considera- 
tion, since these points are easily accomplished by mechanical ar- 
rangements, and since the most important facts of the phenomena 
treated are not influenced thereby. 

Let us now turn to the tone transmitter, Fig. 4 A. This on the 
one hand is connected by the metallic conductor with the tone 
reciver, Fig. 4 B, at a neighboring station; on the other hand it is 
connected by means of the electric battery C with the earth, or with 
the metallic return conductor. The tone transmitter, Fig. 4 A, con- 
sists of a conical tube a ö, about 15 centimetres in length, having a 
front opening of about 10 centimetres, and a rear opening of about 
4 centimetres. 

It appears by practical experiments that neither the material of 
this tube, nor any increase in its length, influenced the accuracy of 
the action oi the apparatus. An enlargement of the diameter of the 
tube impairs the working of the apparatus, and it is desirable that 
the inner surface of the tube be as smooth as possible. The smaller 
or rear end of the tube is closed by a collodion membrane o, and 
upon the center of the circular surface of this membrane rests one 


end e of the lever e d, the supporting point e of which is sustained 
by a bracket, and is kept in electrical connection with the metallic 
conductor. The proper lengths of the respective arms ce and e d 
of his lever are regulated by the laws of the lever. It is advisable, 
to make the arm c e longer than the arm e d, in order that the least 
motion at c may operate with greatest effect at d. It is also desira- 
ble that the lever itself be made as light as possible, that it may fol- 
low the movements of the membrane. Any inaccuracy in the opera- 
tion of the lever e d in this respect will produce false tones at the 
receiving station. When in a state of rest the contact at dg is 
closed, and a delicate spring x maintains the lever in this position. 

The second part of the apparatus, the standard 7, consists of a 
metallic support, connected with one pole of the battery C, the other 
pole of which is connected to the earth, or to a metallic return wire 
leading to the other station. 

Upon the standard F is arranged a spring 9. with a contact 
point corresponding to the contact point d of the lever e d; the posi- 
tion of g is regulated by the screw A. 

In order not to impair the operation of the apparatus by the 
action of the air waves against the rear side of the membrane, it is 
desirable to place a disc of about 50 centimetres in diamater at 
right angles to the longitudinal axis of the tube a 6; this disk may 
be attached to the tube by a fastening surrounding its outer circum- 
ference. 

The tone receiver, Fig. 4 B, consists of an clectro-magnet mm, 
which rests upon a sounding board x w. Its coil is connected 
respectively with the metallic conductor and the earth or the metallic 
return conductor. 

Facing the electro-magnet m m is an armature, to which is 
attached a very long but light and broad lever i. 

The lever i with the armature is suspended from the standard & 
in the manner of a pendulum, its motion being regulated by means 
of the screw / and the spring 9. 

In order to increase the capacity of the apparatus, the tone re- 
ceiver may be placed at one of the focal points of an elliptical cham- 
ber of suitable size, and the listener may place his ear at the other 
focus of this chamber. 

The operation of the apparatus described is as follows: 

When at rest the galvanic circuit (kette) is closed, when the air, 
which is in the tube a 5 of the apparatus, Fig. 4 A, is alternately 
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condensed and rarified by speaking into it (or by singing or intro- 
ducing the tones of an instrument), a movement of a membrane clos- 
ing the smaller opening of the tube is produced, corresponding to 
such condensation or rarefaction. The lever cd follows the Move 
ments of the membrane, and opens and closes (offnet und schliesst) 
the galvanic circuit (kette) at d g, so that at each condensation of 
the air in the tube the circuit is opened, and at each rarefaction the 
circuit is closed (ein oeffnen und ein Schliessen erfolgt). 

In consequence of this operation, the electro-magnet of the ap- 
paratus, Fig. 4 B, in accordance with the condensations and rare- 
factions of the column of air in the tube a 5, Fig. 4 B, is correspond- 
ingly demagnetized and magnetized (demagnetisirt und magnetisirt), 
and the armature of the magnet is set into vibrations like those of 
the membrane in the transmitting apparatus. But the beam (Balken) 
i attached to the armature communicates these corresponding vibra- 
tions of the armature to the air surrounding the apparatus Fig. 4 B, 
which finally transmits the vibrations so produced to the ear of the 
listener. 

We have not here to consider the question of the transmission 
(Fortpfianziing) of tones by means of the galvanic current, but only 
of the conveyance (Uebertragiing) of generated sounds to another 
place, and in this way that at the latter place a similar cause is pro- 
duced and a similar effect obtained. It must not be ignored, how- 
ever, that while the apparatus described reproduces the exact num 
ber of the original vibrations, but not of the same strength (die 
gleiche stärke der reproducirten schningiingen noch nicht errecht 
nurde), and that the achievement of this result is reserved for an 
improvement of the apparatus. 

In consequence of the imperfection of the apparatus at this time, 
the minor differences of the original vibrations are distinguishable 
with more difficulty—that is, the vowel sounds appear more or less 
indistinct—inasmuch as each tone depends not merely upon the 
number of the vibrations of the medium, but also upon its conden- 
sation and rarefaction. 

This also explains why chords and melodies were transmitted 
with marvellous accuracy in the practical experiments hitherto made, 
while single words in reading, speaking, etc., were less distinctly 
recognizable, although even in these the inflections of the voice, as 
interrogation, exclamation, surprise, calling, etc., were clearly repro- 
duced, | 
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There is no doubt that the subject we have been considering, be- 
fore it becomes practically valuable for use, will require considerable 
improvement. It will ; y be necessary to perfect the mechan- 
ism of the apparatus to be employed. But I am convinced, by 
repeated practical experiments, that it is of the greatest theoretic 
interest to pursue these investigations, and also that a development 
of practical value will not elude our intelligent century. 
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PRO. Die neueren Apparate der Akustik. Vienna, 1865, pp. 
94, et seq. 

(Page 94). a 51. Principles of the Telephone of Reis. The 
“Telephone ” of Reis (Fig. 60) is related to the Membrane-Phon- 
autograph. The round end sof a light strip of platinum 7 s is fasten- 
ed upon the membrane m m with wax in such a way that the strip 
of platium can make all of the vibrations of the membrane with it. 
Very near to this end s of the strip of platinum n eis a platina 
point fixed so that it is touched by the strip of platinum as this vi- 
brates with the membrane. If we suppose the outer end u of the 
platina strip and the platina point to be connected with the poles 
of a battery, then a current is established or broken by the vibra- 
tion (page 95) of the membrane, according to its phases. A mag- 
netic piece of clock-work or an electro-magnetic telegraph intro- 
duced into this circuit, would transmit to a distance indications 
that some one was speaking, but they would, self-evidently, not be 
able to make known what was spoken. 

b. It is well known that an iron wire, surrounded by strong gal- 
vanic currents frequently broken, is made to sound forth tones which 
may be longitudinal or transverse, or both at the same time. Reis 
introduced such a iron wire lying in a multiplying coil at the second 
station C. This produced tones, if the membrane was caused to 
vibrate by singing or talking into (8, Fig. 60) the hollow, cubical 
part A. In my experiments with the telephone the rod never 
changed its pitch even with the most different tones and sounds, 
and always produced only the rhythm of the words sung or spoken 
at S into the part A. The aria of the song sung into the instrument 
could generally be recognized from the rhythm. The experiments, 
with special reference to this, are recited inS 53. But this much is 
evident already, that time must yet elapse before the simultaneous 
concerts and singing productions so ardently hoped for by the 
newspapers. The apparatus of Reis is indeed a “Telephone,” but 
not a “ Phonic telegraph.” The only means of transmitting song 
and speech, and this only for moderate distances, is the old, well- 
known speaking tube. But the experiment of Beis can always be 
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classed with the most beautiful and interesting of school experi- 
ments ; and as the Reis means for producing it are simple, the ap- 
paratus of Reis will surely soon find its way even into moderately 
endowed institutions, that the sounding of the wire in the telephone 
is not due to acoustic transmission can be shown by cutting the coil 
out of the circuit ; the sounding ceases at once. 

1. Reis’s Phon-autograph was originally made of a wooden cube 
with a conical cavity. The smaller opening was covered with the 
membrane. A knitting needle was used as the sounding wire, 
which projected about two inches out of each side of the multiply- 
ing coil, and rested upon two bridges of a resonance box. The sur- 
rounding (page 96) coil consisted of six layers of fine wire. Fig. 60 
shows the telephone as it is at present manufactured, according to 
the inventor's directions, by artisan Albert, in Frankfort, and arti- 
san Uanck (Hauck), in Vienna. 

2. Even though the telephone cannot be used to reproduce con- 
certs, this can be accomplished for moderate distances by the re- 
sonance of solid bodies, in narrow limits to be sure. Pepper, di- 
rector of the Polytechnic Institute, formed at London amusing 
sciences, gave such a concert (185 ) with Wheatstone’s method. 
Four of Erard’s harps stood upon the stage; each had on its 
resonance board a short staff of pine two cm. thick. 

By turning the harps on their axes, this staff was made to touch 
an exactly similar one, which went into a deep cellar, and there was 
in contact respectively with the sounding board of the piano, of a 
violincello, of a violin, and the mouthpiece of a clarinet. 

As long as the resonance staffs touched, the concert was heard 
distinctly ; but as soon as one or all the harps came out of contact 
with the sound-conducting staff the music ceased. The character of 
the instruments played was, as a whole, preserved, only the violin- 
cello tones being somewhat raspy. 


52. Particulars Regarding the Telephone. 


(a) It consists substantially of : 

1. The transmitter A. 

2. The receiver C. 

3. The battery B, and finally of, 

4. The conducting wires. 

(6) The transmitter A is essentially a parallel-epipedic body of 
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wood. Its upper part u z is cut out of one piece of square section, 
the side 2 z measuring 9 em., its height u z 2.8 cm. 

This part can be moved on the lower box A A by means of 
hinges. If we turn back the cover z u we shall notice a small circle 
cut out in it 3.9cm. in diameter. A brass ring, with a margin 8 mm. 
broad, fits into this hole, which is furnished with a groove like a 
pulley. 

Over the ring the membrane m m is stretched by a silk thread lying 
in the groove of the same. This circular membrane is surrounded by 
a wider circular hollow 5 5, 8.5 cm. A shovel-shaped strip of 
platinum u s is placed in connection with the brass binding post d, 
and rests by its circular piece s on the centre of the membrane. 

By means of sealing-wax this circular part is fastened to the 
membrane, and is thereby compelled to accompany the membrane 
in its vibration. The farther transmission of the galvanic current 
from the centre of the membrane takes place by means of the brass 
angle a 23 (D, Fig. 60). This rests at s, by means of a platinum or 
steel point, upon the conducting platinum strip n s, and dips at 5 
with a platinum or steel point in a mercury cup, which is made in a 
screw transmitting the current. The point a serves only as a base or 
support for the angular piece a 6 6, which in general is supported 
like a tripod, in order that the contact point s should remain as con- 
stant as possible. The angle a 6 5 is simply pushed over a project- 
ing pin by a hole at a, uutil it remains resting on a broader lower 
part. From 5, the electrical conductor with a covered wire extends 
to the brass key e (A, Fig. 60), and from there further in the direc- 
tion indicated by the arrow. 

The under part A A of the transmitter is constructed of wooden 
boards and form a parallel-epipedon whose height—6.8 cm., and 
whose breadth—7.7 cm. For the reception of tones there is the 
slanting attachment S made of tin with a funnel-shaped enlarge- 
ment. 

The longer side of this enlargement is 6.7 cm., the shorter 4.7 
cm., the vertical diameter of the enlargement measures 7.15 cm., the 
horizontal diameter 7.5 cm., and finally the diameter of the narrower 
cylinder 3.9 cm. 

It is plain, that if necessary, the platinum strip can be replaced 
by a thin strip of brass, and the platinum or steel points by iron 
ones. Only then the contact points must oftener be cleaned to a 
metal polish. 

(c) The receiver is in general a double resonance box, whose 
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upper part, “the cover,” is movable on two hinges and can be laid 
back. The length of this cover is 16.4 cm., its width 9.5 cm., and 
its height 3.2 em. The length of the under box measures 22.9 em., 
its width, 9.6 em., and its height (98) 2.5 cm. The under part of 
the resonance box has two wooden bridges, which are separated 
from each other 7.4 cm., and serve as supports for the iron needle, 
which is 21.5 cm. long, and 0.9 mm. thick, and intended to produce 
the tones. The length of the spiral placed over the needle and de- 
signed for producing the electro-magnetism is 15.cm. The wooden 
covers of both parts must be constructed as thin as possible, and 
the greatest breadth of the circular holes seen in the figure measures 
13 mm. 

(d) One can successfully use as battery a small four-cell Smee's 
or two larger Bunsen’s cells. The conducting line must be made at 
least so long that the exciting tones can no longer be heard through 
the wire. For corresponding between the two stations, the inventor 
has arranged the electro-magnetic telegraph apparatus e vg h, easily 
seen and understoud from the figure. Agreement can be easily had 
as to the corresponding signals, and it is simplest to accept the 
signs given by the inventor. (26.) 

The receiver C gives, on tapping with the key ¢, the correspond- 
ing signals by the rod e e giving out tones, while at the transmitter 
A the electro-magnet v announces the signals by means of the spring 
armature 2. 

53. Experiments with the telephone. 

(a) As soon as one brings his mouth to the funnel 8, and sings, 
the membrane of the transmitter A falls into corresponding vibra- 
tions, and the little iron rod e e at the second station begins to give 
out tones. Every time that a spark is visible at the first station, at 
8, the rod certainly sounds at the other station. The same is true 
when the peculiar buzzing tone is perceived, which ari zes from the 
striking of the vibrating platinum strip upon the point of the 
angular hook resting thereupon. The appearance of these sparks, 
or of the peculiar buzzing at the transmitter A, announces to the 
observers at the station A that the rod at C is giving forth tones. 
Tones and melodies, which were sung into the sound opening 8, and 
especially clangs in which the teeth and head bones also vibrate 
(the so-called humming tones), always produce a toning of the rod 
or needle E E, and indeed, as already mentioned (S 51), without 
change of pitch, only with the reproduction of the rhythm of the re- 
spective song or words. 
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The pitch of the tone excited at C in the rod e e was, in the ap- 
paratus at my disposal, h’: its strength not very remarkable and its 
quality (Klang) buzzing like that of the tone of a weak-sounding 
reed-pipe (something like a child’s trumpet). The skin lying about 
the pericardium of the smaller and even the larger mammals (calves, 
etc.) makes the best membrane, gold-beater’s skin reproduces only 
the lower tones. 

The cover of the resonant box seemed superfluous in my appar- 
atus, and the tone was indeed somewhat stronger without the cover. 

1. In experiments with the telephone, close attention must be 
paid to seeing if the end s of the platinum strip still sticks to the 
membrane, and, if necessary, it must be pressed upon the membrane. 
When this leaf will no longer cling, a knife blade is heated, a piece 
of sealing-wax touched with it, and the melted wax thus transferred 
to the under side of the round end of the platinum strip u 6. Im- 
mediately thereupon it is pressed on to the membrane m m. 

2. From a long line of. experiments, which I have performed 
with the telephone, I take the liberty of giving here some results : 

(a) A Gagniard-Latour siren with upright axis, blown near the 
opening S from the lowest to the highest tone gave no result. Only 
when the rotating plate was turned directly toward the funnel-shaped 
sound receiver 8, and brought very near the same, was it twice pos- 
sible with the medium tones of the siren to hear two short tones of 
the iron rod e e of the pitch hi. 

(>) A tuning-fork with normal tone ai aroused no tone whatever 
in the receiver C, neither when in immediate vicinity of the sound 
funnel 8, nor when laid upon it. 

(c) A metal ball, which gave, according as it was rubbed with a 
strong bow, the tone hi or h, produced no results from the tele- 
phone, even when the bell was brought ever so near to the sound 
reed 8, or when laid upon it. Only when the tone hi, by means of 
suitable resonant tubes was very perceptibly strengthened, did the 
telephone respond weakly and shortly, and indeed again with hi. 

(4) Wooden lip pipes belonging to the scale between ci and cs, 
when they were laid with the walls of their reeds on the sound fun- 
nel S and made to give out tones, were not able to bring the tele- 
phone to produce tones; but they were most active in respect to the 
telephone when the under open end of the reeds was brought im- 
mediately before or into the opening S of the sound cylinder of the 
transmitter A. This position may be called the “ first.” 

These pipes also worked successfully upon the telephone when 
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their mouths (the holes) were laid on the sound-conducting opening 
S. This position may, from now on, be called the second. If the 
pipes in both positions were removed only a few lines from the 
sound receiver S the effective vibration of the membrane ceased ; 
and, in fact, in the first position sooner than in the second. If, how- 
ever, pipes of any material of different length (1 ft. to over 8 ft.) 
and different widths, were laid on the conducting sound tube, and 
the former pipes applied to these in the first or second position, the 
telephone gave the same results as in the immediate use of the short 
transmitting tube. 

(e) The former pipes, when covered, caused (as was to be fore- 
seen) the telephone mostly not to sound at all, or only interruptedly 
in the first position. In the second position the telephone was ex- 
cited by them for the most part completely, seldom interruptedly. 

YT I had at my disposal no pipes of the c“ scale. Tones from 
the latter scale, which by strong blowing were excited in the pipes 
used by me, gave mostly no result, no matter what position was 
given to the pipe. 

A reed pipe of tone di with open reed excited the rod of the 
telephone only when its open end was turned toward and brought 
near the sound receiving funnel S of the transmitter. Increasing the 
tone by a resonant tube produced an interrupted tone. A like 
result was obtained with a reed pipe of the tone c' with full beat 
reed only here the excited telephone tone was constantly inter- 
rupted. 

(A) The miniature normal diapason (a small reed pipe of the 
tone al compare Chap. VI.) sunk into the sound-conducting reeds, 
so that the mouth lay on the funnel, produced a clear tone in the 
telephone when strongly blown. 

(i) Marches drummed at A with the key e e were produced by 
the receiver C, and, in fact, always with the tone hi. 

( Singing of different melodies was always successful; the 
rhythm of speaking was only interruptedly reproduced. 

(2) Whistling with the mouth into S had no effect, and the tone 
passed over into a higher one, probably because the vibrating column 
of air thereby became shorter. The tones fi, gi, at, fis', ei, and 
cis', produced with the month by whistling passed over into fis', 
gis', bi, gi, eis! and di respectively, as soon as the mouth lay im- 
mediately before the sound receptor 8. 

There was a rise in the tone of half a tone. 

Similar rise in tones is obtained by whistling into a cup, hat, 
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&c., indeed the cutting off of the current of air coming from the 
mouth by the flat of the hand raises the tone in such whistling, 
and this can be very easily recognized by moving the hand up and 
down. 

(m) Since the distinct buzzing of the platinum strip on the trans- 
mitter S is a sure sign that the iron rod e e is sounding at C, there 
is no need in this respect of telegraphic communications between 
stations (S 52, d). | 

(>) If a comparison is made of the results of experiments with 
the telephone and those with the membrane phon-autograph it will 
seem at first as if the latter did much too little in comparison with 
the former. This contradiction, however, rapidly disappears. The 
membrane phon-autograph also gives plain tone writings ofa melody 
in the space of an octave, together with double tones and chords, 
and according to Donders, still more. Moreover, in the telephone 
the membrane is moved not only by the vibrations of that tone, by 
which according to the laws of sympathetic vibration, it can be 
brought into vibration, but it is also mechanically raised and 
lowered by the strong condensations and rarefactions arising from 
the exciting tone (singing, &c.) In the closed masses of air. Every 
condensation will press the membrane outward, even when its 
deepest normal tone is much higher than the exciting (sung) tone. 
Very strong and thick membranes might perhaps resist this purely 
mechanical excitation, but they would be then not sensitive enough 
for real sympathetic vibration. In many cases (for example, in 
drumming with the key on the box, in placing the apparatus A on 
the resonant cover of the piano, &c.), the vibration of the membrane 
in the telephone arises also only in the same way as the membrane 
in Konig's pipes for proving notes of vibration (compare a latter 
paragraph). In this also, the stretching of the membrane is not 
necessary in order that the latter may show outwardly the condensa- 
tions and rarefactions of the air in the pipe. 

Pipes with thin walls furnish a farther proof of this. The latter 
allow trembling to be felt when touched by the hand while the pipes 
are sounding; indeed, very thin walls deepen the tone somewhat, 
and thereby show that they are not able to resist the pressure 
arising from the condensations. 

Sand sprinked upon the walls of this kind is thrown off from the 
nodal points. If, therefore, thin strips of wood are able to imitate 
in such a manner the vibrations of the air in the pipe, although 
the proper tone of the wall may lie far from the exciting tone, this 
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is certainly much more the case with a membrane. The experiments 
with the pipes introduced in the previous paragraph also confirm 
this, for they only then gave a result in the telephone when the 
open end or mouth of the pipes lay very near the sound receptor, 
and even the experiments with singing confirmed this view. Just 
these experiments show the telephone weaker in comparison of the 
membrane-phonautograph because in the latter when the membrane 
is tuned for a tone, the tone writing comes, whatever position the 
exciting tone may have had in reference to the sound receiving side 
of the membrane-phonautograph, provided only it is near enough. 
And yet.it would seem that to close the battery by means of the 
vibrating platinum strip on the membrane demands less strength 
than to move the little pen so that it may be able to remove the 
lampblack on the writing cylinder. The results of the few experi- 
ments with the telephone appear moreover to indicate that it might per- 
haps be more advantageous for the production of tone writing by means 
of the membrane phon-autograph, to make the latter of smaller di- 
mensions than has been the case up to the present. In fact, Koning 
is already busy on new arrangements for the membrane phonauto- 
graph. Koning already hopes a better result for the written repro- 
duction of simple sung melodies, if the wide opening of the parabo- 
loid in the membrane phonautograph be closed by a plate, which had 
a small opening for applying the mouth. 

In any case, a renewed study of the laws of the sympathetic vi- 
brations of the membrane with a special reference to both pieces of 
apparatus will be necessary. 

Many think that the membranes must vibrate sympathetically to 
every tone, because all the tones are heard by means of the mem- 
brane in the ear, but in this respect it is very important to note 
that, according to Prof. Mach (27), this may be brought aboat by a 
proper accommodation mechanism in the ear. For me this supposi- 
tion of an accommodation, according to the varying tensions of the 
tympanum as a high degree of probability bordering on certainty. 

Philip Reis showed his apparatus for the first time in October, 
1861, in a very primitive form to the Physical Society at Frankfort- 
on-the Main ; on July 4th, 1863, to the same Society he showed the 
form represented in Fig. 60. This time he experimented over a dis- 
tance of three hundred feet. Prof. Botger introduced the apparatus 
to the Naturforcher-Bersammlung, at Stettin (1863), in the Phys- 
ical Section. 
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Pisco’s Neueren Apparate der Akustik, Wien, 1865, p. 241. 


26. Here may be the place for the Prospectus which the inventor 
Mr. P. H. Reis attaches to the apparatus furnished by him and 
made by the artisan, Mr. Albert, in Frankfürt. 

(Telephon). Every apparatus consists, as can be seen from Fig. 
60, page 96, of two parts—the telephone proper and receiver C. 
These two parts are placed at such a distance from each other 
that the singing or toning of a musical instrument can be heard in 
no other way from one station to the other except through the ap- 
paratus. | 

Both parts are connected with each other, and with the batte 
B like common telegraphs. The battery must be sufficient to bring 
about at station A the attraction of the armature in the electro- 
magnet fastened at the side (3-4 six inch Bunsen cells are sufficient 
for several hundred feet distant). 

The galvanic current goes from B to the post d, from here through 
the copper strip to the platinum leaf on the middle of the membrane, 
then through the foot (at D, Fig. 60) of the angle to the screw 3, in 
whose small hollow a small drop of mercury is placed. From here 
the current goes through the small telegraph apparatus e, /, then 
back to the key of the station C and through the spiral over i 
back to B. : 

If now sufficiently strong tones are produced in front of the 
sound-opening 8, through the vibrations of the same, the mem- 
brane and the angular shaped little hammer lying upon it are set in 
vibration ; the circuit is alternately opened and closed at every full 
vibration; and hereby are produced in the iron rod of the spiral at 
station C, the same number of vibrations, and these are perceived 
there as tone or tone combinations (accords). By laying the upper 
box tightly upon the axis of the spiral, the tones at C are very 
much strengthened. 

Besides the human voice there can be produced (according to 
my experience), just as well the tones of good organ pipes from F— 
e and those of the piano. For the latter purpose A is placed upon 
the sounding board of the piano. (Of thirteen common chords an 
experienced experimenter could clearly recognize ten). As regards 
the telegraphic apparatus attached to the side, this is clearly un- 
necessary for the reproduction of tones, but it forms a very agreea- 
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ble addition for comfortable experimenting. By this it is possible 
to correspond right well, and surely with ones’ vis-a-vis. 

This takes place somewhat in the following simple manner : 

After the apparatus is completely set up assurance is had of the 
continuity of the conductor, and the strength of the battery by 
opening and closing the circuit, when at A, the striking of the arm- 
ature, and at C a very perceptible ticking of the spiral is heard. 

By quickly alternately opening and closing at A, it is asked at C 
if they are ready for experimenting, whereupon C answers in the 
same manner. 

Simple signals can by agreement at both stations be given by 
opening and closing the circuit once, twice, three times, or four 
times, for example : 

1 stroke = sing. 

2 strokes = speak, etc. 

I telegraph words by numbering the letters of the alphabet, and 
then communicating their numbers: | 

1 stroke =a. 

2 strokes —b. 

3 strokes = 0. 

5 strokes - e, eto. 

Z would in this way be designated by 25 strokes. 

This number of strokes would, however, waste time in represent 
ing and would be difficult to count surely, wherefore I place a dactyl 
stroke for every five strokes, then we have: 

——00 for e. 

——000 and 1 stroke for f, &. 

2 ——00——00-—_00-_ 00 00, which is more quickly and 
easily carried out, and better to understand. 

It is still better to designate the letters by numbers which are 
inversely proportional to the frequency of their recurrence. 

Dolbear, pages 601-603. 
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(No. 8.) Defendants’ Exhibit, Ferguson’s Description 
of Reis. ° 


Extract from Publication Entitled “ Electricity,” by Roxerr M. 
Feroauson, London, 1867. Fuge 257. 
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Tax TELEPHONE.—This is an instrument for telegraphing notes of 
the same pitch. Any noise producing a single vibration of the air, 
when repeated regularly a certain number of times in the second 
(not less than 32), produces, as is well known, a musical sound. In 
Art. 115, we found that when a rod of iron was placed in a coil of 
insulated wire, and magnetized by a current being sent through the 
coil, it gave out a distinct tick when it was demagnetized by the 
stoppage of the current. A person when singing any note causes 
the air to vibrate so many times per second, the number varying 
with the pitch of the note he sings, the higher the note, the greater 
being the number of vibrations. If we then, by any means can get 
these vibrations to break a closed circuit in which the coil just men- 
tioned is included, the note sung at one station can be reproduced 
at least so far as pitch is concerned, and another. Reis’ telephone 
(invented 1861) accomplishes this in the following way: 

A A (Fig. 141), is a hollow wooden box with two round holes in 
it, one on the top, the other in front. The hole at the top is closed 
by a piece of bladder 8, tightly stretched on a circular frame; a 
mouth piece M is attached to the front opening. 


When a person sings in at the mouth-piece, the whole force of 
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his voice is concentrated on the tight membrane, which in conse- 
quence vibrates with the voice. A thin strip of platinum is glued to 
the membrane, and connected with the binding screw a, in which a 
wire from the battery B is fixed. A tripod ¢ fg, rests on the skin. 
The feet e and / lie in metal cups on the circular frame over which 
the skin is stretched. One of these /, rests, in a cup containing mer- 
cury, and is connected with the binding screw 6. The third foot g, 
consisting of a platinum point, lies on the circular end of the strip 
of platinum just mentioned. This point, being placed on the centre 
of the oscillating membrane, acts like a hopper, and hops up and 
down with it. It is easy to understand how, for every vibration of 
the membrane, the hopper will be thrown up for the instant from 
connection with its support, and how the close clrcuit is thus broken 
at every vibration. The receiving apparatus R consists of a coil 
of wire placed in circuit, enclosing an iron wire, both being fixed on a 
sounding box. The connections of the various parts of the circuit are 
easily learned from the figure. Suppose a person to sing a note at 
the mouth-piece which produces three hundred vibrations a second, 
the circuit is broken by the bladder three hundred times, and the 
iron wire ticking at this rate gives out a note of the same pitch. The 
note is weak, and in quality resembles the sound of a toy trumpet. 
Dr. Wright uses a receiviug apparatus of the following kind: The 
line current is made to pass through the primary coil of a small in- 
duction coil. In the secondary circuit he places two sheets of paper 
silvered on one side, back to back, so as to act as a condenser. 
Each current that comes from the sounding apparatus produces a 
current in the secondary circuit which charges and discharges the 
condenser, each discharge being accompanied by a sound like the 
sharp tap of a small hammer. The musical notes are rendered by 
these electric discharges, and are loud enough to be heard in a large 
hall. 
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(No.9.) Defendants’ Exhibit, “The Telegrapher,” 
published in New York in 1869, Vol. 5, No, 39. 


J. A. W., Sp. Exr. 


[Introduced in Record, page 6.] 


(This is a REPRINT of Dr. VAN DER WEYDE'’s ARTICLE IN “ THE 4 
MANUFACTURER AND BUILDER” for May, 1869. See No. 10.) 4 
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(No. 10.) Defendants’ Exhibit, “The Manufacturer 
and Builder,” New York, May, 1869, Vol. 1, 
No. 5, pages 129-130. 
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THE TELEPHONE. 

One of the most remarkable recent inventions connected with 
telegraphy is the telephone, an instrument which transmits directly 
the pitch of a sound by means of a telegraph wire—either an air 
wire or submarine cable; so that, for instance, when the operator 
at one end of the wire sings or plays on an instrument any tune, as 
“Yankee Doodle,” or Hail Columbia,” it will be heard and distin- 
guished plainly at the other end. This invention may, in its pres- 
ent state, have no direct practical application, but be a mere scien- 
tific, although highly interesting curiosity; but who can say that 
it does not contain the germ of a new method of working the tele- 
graph, or some other useful practical purpose? The telephone is 
not the result of an accidental discovery, but of a thorough study 
of the laws of electro-magnetism and of sound. It is founded on 
the fact that the difference in pitch of different tones is caused by 
different velocities of vibrations of the elastic-sounding body; 
which vibrations are transmitted to and by the air with exactly the 
same velocity, and from the air may be communicated to a properly 
stretched membrane, like a piece of bladder or very thin sheet of 
india rubber, stretched like a drum head, which these also will vi- 
brate with exactly the same velocity as the air and the original 
sounding body, be it the human voice, organ pipe, string, or any 
musical instrument, if, now, at the centre of this littl drum head 
there be attached a small disk of some metal not easily burned by 
electric currents—for instance, platinum—while at the same time a 
platinum point may, by means of a screw, be so adjusted as to come 
very nearly in contact with this small platinum disk, it is clear that 
when the membrane is put in vibration a succession of contacts be- 
tween the disk and point will be produced, of which the number in 
each second will exactly correspond with the number of vibrations 
in each second of the sounding body, or the tone produced by it. 
That part of the apparatus which serves to send off the tune or 
melody is represented in the illustration, Fig. 2. It consists simply 


52 DEFENDANTS EXHIBITS. 


of a square wooden box, provided at the side with a kind of mouth- 
piece similar to that of a speaking tube, and at the top with an 
opening, over which the membrane just mentioned has been 
stretched. The small disk of platinum attached to the centre of 
this little drum head is, by means of a very flexible strip of some 
metal that conducts well attached to one pole of the galvanic bat- 
tery, of which only one cup is represented in the figure, although 
for a long wire several cups will of course be required. The reason 
why this connection near the platinum disk is a flat, thin and flexi- 
ble strip is, that any rigidity would interfere with the freedom of 
vibration of the membrane to which it is attached. The point 
coming in contact with this small vibrating disk is connected with 
ground wire, the other pole of the battery with the air wire or sub- 
marine cable. It is clear, from this explanation, that at every con- 
tact of the platinum point a wave of electricity will be sent over 
the wire, and as many waves in a second as there are contacts; and 
as there: are as many contacts as there are vibrations in every sec- 
ond, the number of electric waves will be always exactly equal to 
the number of vibrations corresponding with the pitch of each tone, 
be it fifty, one hundred, two hundred, or five hundred in every sec- 
ond. 

The instrument in which this succession of waves is made audi- 
ble at the other end of the telegraph wire is founded on fact, first 
investigated by Professor Henry, of the Smithsonian Institute, at 
Washington, that iron bars, when becoming magnetic by means of 
electric currents passing around them, become slightly elongated, 
and at the interruption of the current are at once restored to their 
original length. It is represented in the cut, Fig. 3, and consists 
of an elongated wooden box, of which the top is made of thin pine 
wood, similar to the sounding board of a stringed musical instru- 
ment, to which are attached two bridges carrying long pieces of mod- 
erately thick and very soft iron wire, which for nearly their whole length 
are surrounded by a coil similar to the coil of the electro-magnets 
used in telegraphing. One end of this coil is attached to the tele- 
graph wire, the other to the ground wire, as represented in the 
figure. At every instance that a contact is established at the sta- 
tion where the sound is produced, and a current wave thus trans- 
mitted, these wires will become magnetic, and consequently elon- 
gated, and they will be shortened again at every interruption of the 
current; and as these currents and interruptions succeed each 
other with the same velocity as the sound vibrations, the elonga- 
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tions and shortenings of the magnetized iron wires will succeed 
each other with exactly the same velocity, and consequently they 
will be thrown into a state of longitudinal vibrations correspond- 
ing with the original musical tone, which vibrations will then be 
communicated to the sounding board in exactly the same manner 
as is the case with the vibrations of the strings in all stringed in- 
struments, thus becoming more audible at the receiving station. 

It is clear, from the foregoing explanation, that no quality of 
tone can be transmitted. Much less can articulate words be sent, 
notwithstanding the enthusiastic prediction of some persons, who, 
when they first beheld this apparatus in operation, exclaimed that 
now we would talk directly through the wires. It is, from its na- 
ture, able to transmit only pitch and rhythm, consequently melody 
and nothing more. No harmony, nor different degrees of strength 
or other qualities of tone can be transmitted. The receiving in- 
strument, in fact, sings the melodies transmitted, as it were, with 
its own voice, resembling the humming of an insect, regardless of 
the quality of the tone which produces the original tune at the other 
end of the wire. This instrument is a German invention and was 
first exhibited in New York at the Polytechnic Association of the 
American Institute, by Dr. Van der Weyde. The original sounds 
were produced at the further extremity of the large building (The 
Cooper Institute), totally out of hearing of the Association, and 
the receiving instrument, standing on the table of the lecture 
room, produced, with its own rather nasal twang, the different tunes 
sung at the other end of the line, rather weakly; it is true, because 
of the weak battery used, but very distinctly and correctly. 
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(No. 11.) Defendants’ Exhibit, Baile’s Article. 


The Wonders of Electricity. Translated from the French of J. 
Baile. New York: Scribner, Armstrong & Co. 1872. 
pp. 140-143. 
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Wonderful as are these achievements, the inventions in tele- : 
graphy have gone still further. To be able to transmit thought to 
a distance is a triumph which was formerly astonishing; but we are | 
now accustomed to it, and continue to practice it without its creat- * * 
ing the slightest wonder. To be able to transmit handwriting, and 
even drawings, appeared to be still more difficult; but this problem 

has also been resolved, and we now hardly wonder that this feat 
is accomplished by means so simple. Mankind ever requires a new N 
stimulus to its curiosity, and already it is looking forward to the , 
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discovery of more marvels in telegraphy; some years hence, for all 5. 
we know, we may be able to transmit the vocal message itself, with 


* 
the very inflection, tone and accent of the speaker. Already has = 5 
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the acoustic telegraph been invented ; the principle has been dis- | 
covered, and it only remains to render the invention practicable 
and useful—a result which, in these days of science, does not ap- 


pear to be impossible. 0 
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Sound, of whatever kind, is produced by a series of vibrations, 
more or less rapid, which, setting out from a sonorous body, tra- 
verse the air and reach our ear. Just as a stone, dropped into a 
pond, throws off a succession of circular undulations or water rings, 
so a concussion, acting on the air, produces analogous vibrations, 
though they are invisible ; and it is when these vibrations reach the 
ear that we become sensible of sound. 

An eminent scientific German, M. Helmholtz, has analyzed the 
human voice and determined its musical value ; according to him, 
each simple vowel is formed by one or more notes. of the scale, ac- 
companied by other and feebler notes which are harmonics of these. 
He demonstrates that it is the union of all these notes that give 
quality to the voice. Each syllable is formed by the notes of the 
vowel, accomplished by different movements of the organs of the 
mouth. M. Helmholtz, reflecting upon this, thinks it would be pos- 


sible to construct a human voice by artificially producing and com- 
bining the elementary sounds of which it is composed. 

This is not the place to discuss such theories, but if we grant 
that there is any truth in them, we can understand that the ac- 
oustic telegraph can be invented and can transmit the living voice. 
Already experiments have been made in this direction. A vibrating 
plate produces a sound and, according to the rapidity of the vibra- 
tions, these sounds are sharp or flat. At each of the vibrations the 
plate touches a small point placed in front of it, and this contact 
suffices to throw the current into line ; when the plate ceases to vi- 
brate and returns to its position of equilibrium, it no longer touches 
the metal point and the current is consequently interrupted. By 
this means is obtained a series of interruptions, more or less rapid, 
according to the sound, the current being thrown into the line and 
interrupted once for each of the vibrations. At the extremity of 
the line the current enters an electro-magnet, which attracts an- 
other vibrating plate of size and quality identical with the for- 
mer. Attracted and repelled very rapidly, exactly and as rapidly 
in fact as the plate mentioned above, this second plate gives forth a 
sound which will have the same musical value as that of the other, 


as the number of vibrations per second is the same in both cases. 


Should this process be perfected, it, will be possible to transmit 
sounds by means of the telegraph—to transmit a series of sounds, a 
tune, or spoken sentence, and conversation. This consummation 
has not, however, been yet attained. Many experiments have been 
made, the principle has been applied in divers ways, and everything 
makes us hope that we will yet arrive at a perfect system of acous- 
tic telegraphy. Advances have been made very far upon the road 
to success. A series of vibrating plates, answering to the strings of 
a harp, has been arranged, each of which vibrates when struck by 
a particular sound, and sends off electricity, to create at the end of 
the line the same vibrations in a corresponding plate ; or, in other 
words, to produce the same sound. 

This system, it must be admitted, is at least very ingenious. 
Experiments have been made in laboratories, that is to say, under 
conditions entirely favorable, and such as we would not often find 
in actual practice. Under these conditions a musical air has actu- 
ally been successfully transmitted by this acoustic telegraph. All 
must admit that this is a promising beginning, but we must not make 
too much haste to exalt the miracle and to extol the advantages of 
the future machine, or to abandon ourselves to the indulgence in indis- 
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criminate laudation on the strength of this new discovery. That 
would be a gross mistake and an injury to science. True scientific 
faith is doubt until the truth appears in uncontrovertible clearness. 
Care must be taken not to take for reality that which is merely a 
desire on our part. We must guard against all premature exulta- 
tion, because it weakens us in the search for truth, and because 
even one deception is cruel. Let us therefore give to doubt, to pa- 
tience and to perseverence the place which some too readily give to 
congratulation. 
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CONCERNING THE IMPROVED TELEPHONE. 


In the meeting of the Physical Society, held on July 4th, at 
Frankfort a-M.,a member of the society, Mr. Philip Reis, from 
Friedrichsdorf, near Homburg before the Heights, exhibited some 
of his improved telephones (apparatus for the reproduction of tones 
at any desired distance by means of the galvanic current). It is 
two years since Mr. Reis first gave publicity to his apparatus, and, 
although the performances of the same, in their simple, primitive 
form, were astonishing, yet they had this great defect, that experi- 
menting with the same was possible only for the inventor. The in- 
struments exhibited in the above-mentioned meeting scarcely re- 
minded one of the earlier forms. 

Mr. Reis h iven to give the same a form pleasing to the 
eye, so that now will worthily fill a place in every physical 
cabinet. This new apparatus can now be easily managed (worked) 
by every one, and works with great certainty. Melodies sung quite 
lightly, at a distance of about three hundred feet, were reproduced 
by the instrument, set up much more distinctly than formerly. The 


musical scale was especially sharply reproduced. 


The experimenters could even reproduce words, although, in- 
deed, only such as had been often heard by them. 

In order, now, that others, less experienced, may be able to even 
make themselves understood through the apparatus, the inventor 
has fixed at the side of the same a small, yet, according to his ex- 
planation, entirely sufficient arrangement, whose speed of communi- 
cation, indeed, is not so great as that of the more recent telegraphs, 
but which works very surely, and assumes no especial skill in the 
person working it. We would call the attention of gentlemen busy- 
ing themselves with physics to the fact that the inventor now has 
this interesting apparatus manufactured for sale under his super- 
vision (the principal [important] parts he makes himself), and the 
same can be had of him directly or through the instrument maker, 
Wilhelm Albert, at Frankfort-on-the-Main, in two qualities, differ- 
ing only in outward finish, at fourteen and twenty-one florins, re- 
spectively (Bottger’s Polytechn. Notizblatt, 1863, No. 15). 
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* Cosmos,” Vol. XXIV., pages 349, 352. Printed and published 
at Paris, March 22, 1864. 
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GENERAL Puysics: ACcoUusTIcs. 
The Acoustic Telegraph or Telephone of Mr. Philip Reis. 

In 1837 Mr. Page observed for the first time the phenomenon of 
the production of sound by electricity, when the poles of a magnet 
were rapidly brought near to and moved away from a helix or con- 
ducting wire, through which an electrical current was passing. M. 
Delezenne produced an analogous effect by turning an armature of 
soft iron before the poles of a magnet. The particular phenome- 
non with a helix was observed separately by T de la Rive and 
MM. Beatson and Marriani. Each of these physiqjsts made upon 
this subject their own special remarks. M. de la Rive attributed 
the sound produced to the kind of shock which took place upon the 
sudden displacement of the molecules at the moment when the cur- 
rent produced its appropriate action. It would therefore be 
possible to increase the intensity of the effect produced by multiply- 
ing the intermittances in the passage of the current. It is in this 
way that the learned professor of Geneva was able to produce a 
sound both clear and prolonged, from a cylindrical mass of iron ten 
centimetres in diameter and weighing ten kilogrammes. M. Mar- 
riani recognized on his part that the sound created by a bar of iron 
placed in these conditions was the same as that which it would give 
forth if it was thrown into vibration by blows which affected it at 
its extremity. None of the magnetic metals produced any effect of 
the kind. As to the coercitive force, M. Marriani establishes that a 
bar of steel, well tempered, would make no sound, but that on the 
contrary the phenomena manifested itself when it was annealed. 
M. Marriani and M. de la Rive observed also that an intermittent 
current passed through a stretched wire made it produce a sound 
identical with that which it would give forth if it were placed in the 
interior of a helix. According to M. de la Rive, the sound was 
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more intense as the wire was made shorter, and according as its 
electrical resistance came nearer to that of the battery employed. 

M. Wertheim rendered sensible to the ear the vibrations which 
result from the passage of a discontinuous electric current through 
a rigid bar. 

In these various experiments, in addition to the musical sound, 
the observer perceived a succession of blows (battement) which co- 
incided with the interruptions of the current. M. de la Rive com- 
pared them to the noise which drops of rain made on falling upon 
a metal roof. These successive blows would even be obtained on 
operating upon magnetic metals reduced to a powder. M. de la 
Rive explains this: The sound produced by iron when the current 
passes in the magnetizing helix is explained by M. de la Rive as 
follows : 

The current tends to place the molecules of the iron in a longi- 
tudinal direction. These tend to return afterwards to their normal 
position, hence the vibrational movement which gives rise to the 
sound.” 

It is on the basis of these facts that Mr. Reis has constructed the 
telephone or acoustic telegraph. Fantastic minds have singularly 
exalted the qualities of this apparatus. They have undertaken to 
indicate for it at once an office which it is far from being able to fill. 
The exaggerations of these illusions have been demonstrated to us 
by experiments which we have just made at Mr. Koenig's establish- 
ment with an apparatus constructed in Germany, under the super- 
vision of Mr. Reis. This physicist has constructed his telephone in 
the following manner : 

The transmitter (manipulator) is represented by a rectangular 
hollow box. One of the sides of this is provided with a flaring 
opening, intended to receive the note which was to be transmitted. 
The upper surface of it consists of a membrane, suitably stretched, 
on the centre of which is fixed a strip of platinum, which is in elec- 
trical connection with one of the poles of the battery. Above this 
there is placed a second and movable strip which, when the in- 
strument is not in operation, rests on the first by a fine point, mak- 
ing contact by a fine point, also of platinum. It will readily be un- 
derstood that if the membrane vibrates it will throw up into the air 
the movable strip, which will again fall back into place. Hence, 
oscillations which will correspond in number exactly with those of 
the membrane. The receiver is composed simply of a magnetizing 
helix, in the interior of which is placed a bar of soft iron. The 
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whole is mounted on a resonating box. When the apparatus is 
to be operated, these two instruments are placed in the circuit .with 
an ordinary line battery. The operation of the instrument is easy 
to understand. The vibrations which the operator placed in front 
of the mouth-piece impresses upon the air enclosed in the box of 
the transmitter are repeated by the membrane; and just as a style 
fixed on this membrane (as in the phonautograph) would write 
these vibrations upon a paper covered with lamp-black, so in the 
same manner the electrical contacts are successively established and 0 
broken between the two strips of platinum. Hence, there is caused 
in the coil of the receiver a number of intermittances or interrup- 
tions in the passage of the current, which is necessarily equal to the 
number of vibrations of the membrane of the transmitter. Now, 
since each intermittation causes one single shock, a series must ˖ 


necessarily produce a sound identical in pitch with that produced 
at the mouth-piece of the transmitter. Would not the telephone of 
Mr. Reis be an admirable instrument if it realized absolutely the 
| promises which its theory holds out? Without prejudging the fu- 
| ture, we must recognize that it has not yet done so. When one 
| ‘sings the musical scale of the transmitter, there needs an ear well 
trained to distinguish the sounds repeated by the receiver in the 
midst of the vibrations which agitate it. For ourselves, we have 
been only able to recognize the success of rise and pitch of these 
rapid roulades ; but perhaps a trained musician would be able to 
recognize amongst them a dominant note. The model, however, of ) 
which we speak, did not, and had in its construction several causes a 
of error; and Mr. Koenig, so justly recognized in matters of acous- j 
tics, intends to study out the improvements of which this telephone | 
is susceptible. 
Let us mention some of the principal of these causes of error: 
It may be that the membrane will not at every moment vibrate with 
the same degree of amplitude, and this will consequently occasion 
sometimes a-failure to make contact ; if the sound produced by the 
operator at the transmitting end does not vary much, the contact 
may be prolonged ; the remedy for this defect is in substituting for 
the voice of the operator a tuning fork, arranged to vibrate, for 
example, by a battery ; then a note would be produced which would 
be better defined but always very feeble. As to improvements which 
would be of a nature to render this telegraphic apparatus practica- 1 
ble, Mr. Koenig is well fitted to find them. We already know certainly 5 
that the intensity of the sound increases as a softer iron is used, i? 


because in that case the molecules have more freedom of motion 
than they had in the hardened iron or in steel. If the iron core is 
magnetized by the influence of a permanent magnet, or by another 
coil, its sound is more intense when the intermittent current is sent 
in such a direction as to produce a demagnetizing effect upon it, and 
it is less intense when the current is sent through the helix in such 
a direction as to increase the magnetism. The reason is, that in 
this last case the molecules are in advance, in a position already 
very near that which the current can compel them to take. Too 
much tension in the core also makes the sound more feeble, for the 
molecules having been already placed in a forced position, are less 
free to receive further motion. The electrical transmission of 
musical sounds is therefore a problem, of which the true solution 
has not been found; and all the magnificent promises which have 
been made and published on the subject of acoustic telegraphy seem 
to us still to belong to the region of illusions. 
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This apparatus is intended to transmit sounds to a distance by 
means of electricity. It rests upon the fact demonstrated by the 
preceding apparatus. (Zhe preceeding apparatus was the Wertheim 
coil and core, which Reis uses for a receiver.) 

At the first station the current traverses a little band of plat- 
inum, which is attached to a membrane in such a way as to follow 
all its movements, and of a very movable point, which rests lightly 
upon thismembrane. At the other station the current traverses a 
coil, at the center of which is a bar of soft iron. If now we produce 
before the membrane a sound which causes it to vibrate, each 
vibration in pushing away the point from the platinum plate will 
produce an interruption of the current. On the other hand, each 
making of the current will produce in the bar of soft iron at the 
second station a momentary and weak sound. It is the rapid and 
isochronous succession of these sounds, all acting as simple blows, 
which produce the continuous sounds that are heard. It is true 
that they are not of good quality and that they cease from time to 
time. This comes from the fact that the membrane does not vibrate 
equally well for all tones, and because the manner in which the 
vibrations determine the interruption of the current, by pushing 
the little point away from the plate, is far from being perfect. 
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Du Moncel’s Exposé des applications de l Electricité, Vol. 2, p. 
225, Edition 1854; Vol. 3, p. 110, Edition 1856, contains the fol- 
lowing : 

“ Electric Transmission of Speech. I have not been willing to 
give a place in the chapter on electric telegraphy to a fantastic con- 
ception of a certain Mr. Ch. B**, who believes that we may yet be 
able to transmit speech by electricity, because I might have been 
asked why, by the side of so many remarkable inventions, I was 
willing to class an idea which, as presented by its author, has not 
got beyond the condition of a dream. But I have undertaken to 
mention all of the applications of electricity which have come to 
my knowledge, and therefore I will here give the information which 
the author has published up to this time on the subject. 

“After the telegraphic marvels, which can reproduce at a dis- 
tance handwritings, or even more or less complicated drawings, it 
may appear impossible to penetrate farther into the region of the 
marvelous, yet we will try to advance a few steps farther. I have, 
for example, asked myself whether speech itself may not be trans- 
mitted by electricity; in a word, if what is spoken in Vienna may 
not be heard in Paris? The thing is practicable in this way : 

„We know that sounds are made by vibrations, and are made 
sensible to the ear by the same vibrations which are reproduced by 
the intervening medium. But the intensity of the vibrations di- 
minishes very rapidly with the distance ; so that even with the aid 
of speaking-tubes and trumpets, it is impossible to exceed somewhat 
narrow limits. Suppose that a man speaks near a movable disk, 
sufficiently flexible to lose none of the vibrations of the voice; that 
this disk alternately makes and breaks the currents from a battery ; 
you may have at a distance another disk which will simultaneously 
execute the same vibrations. 

“It is true that the intensity of the sounds produced will be 
variable at the point of departure, at which the disk vibrates by 
means of the voice, and constant at the point of arrival, where it 
vibrates by means of electricity; but it has been shown that this 


does not change the sounds. It is, moreover, evident that the 
sounds will be reproduced at the same pitch. 

“The present state of acoustic science does not permit us to 
declare a priori if this will be precisely the case with syllables 
uttered by the human voice. The mode in which these syllables are 
produced has not yet been sufficiently investigated. It is true that 
we know that some are uttered by the teeth, others by the lip, &c., 
but that is all. 

“However this may be, observe that the syllables can only re- 
produce upon the sense of hearing the vibrations of the intervening 
medium. Reproduce precisely these vibrations and you will pro- 
duce precisely these syllables. 

“Tt is, at all events, impossible, in the present condition of 
science, to prove the impossibility of transmitting sound by electri- 
city. Everything tends to show, on the contrary, that there is such 
a possibility. When the application of electro-magnetism to the 
transmission of messages was first discussed, a man of great scienti- 
fic attainments treated the idea as Utopian, and yet there is now 
direct communication between London and Vienna by means of a 
simple wire. Men declared it to be impossible, but so it is. 

“It need not be said that numerous applications of the highest 
importance will immediately arise from the transmission of speech 
by electricity. Any one who is not deaf and dumb may use this 
mode of transmission, which would require no apparatus except an 
electric battery, two vibrating disks and a wire. In many cases, as 
for example in large establishments, orders might be transmitted in 
this way, although transmission by electricity will not be used while 
it is necessary to transmit letter to letter, and to make use of tele- 
graphs which require use and apprenticeship. However this may 
be, it is certain that in a more or less distant future speech will be 
transmitted by electricity. I have made some experiments in this 
direction. They are delicate, and demand time and patience; but 
the approximations obtained promise a favorable result.” 
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DmasnaLIA, Sept. 28, 1854. 

The wonders with which electricity has lately astonished us are 
about, as it seems, to be increased by a new one, that would not 
only prepare a great revolution iu the electric telegraph as prac- 
ticed up to the present, but would increase its usefulness in an incal- 
culable manner. * N 

It is a question of nothing more nor less than an electric trans- 
mission of the spoken word. The idea originates with a young and 
educated, though modest young man, Charles Bourseul, who was a 
soldier of the African army in 1848, where he attracted the attention 
of the Governor-General by a mathematical course which he deliv- 
ered to his comrades of the garrison in Algeria, and he is now living 
in Paris. Bourseul’s problem of the practicability of which he is 
completely persuaded, belongs, perhaps, to those discoveries which 
the scientific world afterwards declares very easy, and which they 
would gladly make us believe could easily have been discovered 
much earlier if they had chosen to give themselves the trouble. 

As is well-known, the principle upon which electric telegraphy is 
based, is as follows: An electric current traversing a metallic wire 
changes a piece of soft iron in the vicinity of which it passes into a 
magnet. As soon as the current ceases, the magnetic quality also 
ceases. This magnet, the electro-magnet, can thus alternately at- 
tract or let go a movable plate, which by its movements back and 
forth produces the conventional signals used in telegraphy. Now 
it is farther known that all tones are brought to the ear only by vi- 
brations of the air, hence are really nothing more than these vibra- 
tions of the air, and that the endless variety of tones depends en- 
tirely upon the rapidity and amplitude of the sound waves. 

Could there now be invented a metallic plate which should be so 
movable and pliable that it reproduces all the vibrations of tones 
(like the air), and should this plate be so connected with an electric 
current that it should alternately make and break the electric cur- 
rent according to the air vibrations by which it was affected, it would 
thereby be possible also to arrange electrically a second similarly 
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constructed metal plate, so that it repeated simultaneously exactly 
the same vibrations as the first plate, and it would then be exactly 
the same as if one had spoken in the immediate vicinity against this 
second plate, or the ear would be affected precisely as if it received the 
tones directly through the first metallic wall. The electric telegraph 
formerly stamped by the academy as nonsense, is now spread 
throughout all the world as a common phenomenon ; if we ques- 
tion in regard to this new idea of a young physicist the principles of 
physics, they have not only nothing to offer against the possibility 
of its being carried out, but its success appears in fact, to be more 
probable than did a short time ago that of the electric telegraph 
itself. If it be practically carried out, the electric telegraph could 
be operated by every one. There would be need of no farther de- 
vice and knowledge than a galvanic battery, two vibrating plates and 
a metal wire; without any other preparation the one must talk 
against one metallic plate, and the other hold his ear near the other 
plate, and they could converse with each other as if face to face. 
The young inventor believes in the success of his efforts, and chal- 
lenges scientific men to prove that the laws of physics contradict the 
above-mentioned principles, and thereby, make the attempt seem 
impossible. Meanwhile, may the affair enjoy in high degree, the 
attention which it is certainly attracting, 

“ Didaskalia Magazine for Intelligence, Humor and News,” No. 
232. 28th of September, 1854. Translated by A. Stetson. 
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TRANSLATION FROM “ DipasKALiA,” May 8th, 1862. 


The excellent physicist, Mr. Phil. Reis, of Friedrichsdorf, calls 
by this name his surprising invention for using the telegraph line to 
transmit really audible tones. 

Our readers will, perhaps, remember having heard some time 
since of this invention, the first trials with which Mr. Reis performed 
here in the Physical Society. Since then the invention has been 
constantly developed, and will no doubt, become of great import- 
ance. 


TRANSLATION FROM “ DipaskaLia,” 12th May, 1862. 


Yesterday's meeting of the free German Institute was a very nu- 
merously attended one from the fact that the subject in the order of 
business, “ Telephony by Transmission of the Galvanic Current,” as 
explained by the inventor himself, Mr. Phil. Reis, excites so great 
an interest that it rightly deserves the most general attention. 

In a lecture exceedingly interesting, universally understood, clear 
and concise, Mr. Reis gave a historical outline of the origin and de- 
velopment of his idea of the practical possibility of the transmission 
of tones in a galvanic way. 

His first attempts were mostly unsuccessful in solving the cardi- 
nal question propounded by him. “ How isit possible that a single 
instrument can reproduce at once the total action of all the organs 
operated in human speech?” Until finally it occurred to him to 
seek the solution of the problem in the question, “ How does our 
ear take cognizance of the total vibrations of all the organs of speech 
acting at once ?” or “ How do we perceive the vibrations of several 
bodies sounding at once ?” 

In order to answer this question the lecturer went more closely 
into the anatomy of the ear and into the formation of tones in gen- 
eral. After this was determined, he took up again his experiments 
in reference to the transmission of tones by means of galvanism. 
Afterwards Mr. Reis constructed, considerably enlarged, the parts 
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of the ear necessary for hearing, by which it was finally possible for 
him to transmit the tones brought to the mechanically imitated ear. 

The experiments by him some months ago in the Physical Society, 
were, to the astonishment of all, exceedingly plain and clear, whereas 
the experiment following the lecture of yesterday was less success- 
ful. This was due partly to the poor conductivity of the wires, 


partly to the locality. 
Although much is still left to be done for the practical utilization 


(Verwertthung) of the telephone, yet a new and interesting field of 
labor is hereby opened to physics. 
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(No. 17.) 


Reproduction des Schalles durch den Galvanischen Strom. (Frank- 
Furt.) 
“ Reproduction of Sound by the Galvanic Current.” (Frankfort.) 


For this new discovery, which rightly excites the greatest interest, 
we have to thank Mr. Reis, teacher in Friedrichsdorf. He has suc- 
ceeded, after many experiments, in solving, up to a certain point, at 
least, this problem, which up to the present has been considered in- 
solvable. 7 

Of all the new discoveries in natural science there are none of so 
general advantage, and which so enter into our practical life, as those 
in the domain of chemistry and physics ; in the latter, galvanism, in 
its application to electro-plating and telegraphy, has achieved re- 
markable results. At the moment when telegraphy has attained a 
place in our social life, there begins, perhaps, for the same a new 
era in the fact that as we in telegraphy make ourselves understood 
by means of signs, in this we can make ourselves understood by 
means of tones at a distance. 

Mr. Reis has constructed in a very ingenious manner an appara- 
tus by means of which he has shown some perfectly successful ex- 
periments before a large audience in the Physical Society in this 
city. 

He has made a very happy use of the earlier discovery that the 
iron core of a wire helix produces tones by the interruptions of the 
current following each other at very short periods. 

His apparatus for receiving the sound is based upon the arrange- 
ment of the human ear. It consists in the first place of a funnel- 
shaped cavity (to represent the cartilage of the ear) to receive the 
sound, closed at its narrower part by a membrane, upon which is 
fastened an elastic strip of platinum, which is connected with one 
of the circuit wires, while the former is in electric connection with 
the other pole of the battery. 

As soon, then, as the sound waves set the membrane in vibra- 
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tion, the elastic strip of metal fastened to the same will make the 
same vibrations—will alternately rise and fall, thereby touching the 
other elastic strip, and so making and breaking the current. 

The reproduction of the sound by the galvanic current, for it is 
only such, and not a conduction of the sound, is brought about in 
the manner specified above. Into a wire helix, included in the cir- 
cuit, is placed a thin metal rod—e. g., a knitting needle—which ap- 
paratus, in order to increase the tone, is placed upon an easily-vi- 
brating support, a resonant box. By means of the current now 
made, now broken, the iron rod is also set into vibrations, which are 
communicated to our ear and there reproduce the sound. 

The vibrations of the iron rod correspond with those of the mem- 
brane ; but as the pitch of the tones is dependent upon the times of 
vibration of the sounding body, the lower tones escape our notice, 
while the higher ones are especially noticed. 

Up to the present the reproduction of the tones is indeed weak, 
and words cannot be reproduced. We leave here the question as 
to whether this hereafter will be successfully accomplished. 

Mr. Fritz, instrument maker, has just constructed a new instru- 
ment with some improvements, and Prof. Doettger will hereafter 
make experiments with it in the Physical Society, to which weshall 
at times call attention. 


„„ 
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Pn. Rew. Zelephony by means of the electric current. (Annual Re- 
port of the Physical Society of Frankfort-on-the-Main, 1860-1, pp. 
57-64). 

By the name “ Telephone” the author designates the following 
apparatus of his own construction, by means of which and with the 
help of the galvanic current he is enabled “to reproduce at a dis- 
tance the tones (tonen) of different instruments, and even, to a cer- 
tain degree, the human voice.” 

A wooden cube is bored through from one of the faces to the 
opposite one, the cavity taking the shape of a cone; the smaller 
opening is closed by means of a membrane (hog’s intestine, schweins- 
dunndarm). On the middle of the membrame, and parallel with it, 
is a thin strip of platinum, cemented fast at one end, whilst the 
other end is held by a binding-post (klemme) p; from another bind- 
ing- post g, extends a similar thin strip of metal as far as over the 
centre of the membrane, and carries a little platinum wire directed 
towards the membrane at right angles to the strip and the surface 
of the membrane. From binding-post p a conductor leads through 
a battery to a distant coil, which again is connected by another 
wire to binding-post g. 

The coil at the distant station, is about six inches long, consists of 
about six layers of thin wire and encloses as a core a knitting needle 
which protrudes about two inches at each end. By these protrud- 
ing ends the coil is supported on two bridges of a sound board. 
If now tones or combinations of tones are produced in the vicinity 
of the large opening of the conical cavity, so that sufficiently strong 
waves enter it, these waves will set the membrane into vibrations; 
by the outward motion of the membrane the platinum strip cement- 
ed on it is pressed against the hammer-shaped wire d, and the gal- 
vanic current (strom) is closed (geschlossen); by the inward motion 
of the membrane the current is reopened. The alternate magnetiz- 
ings and demagnetizings of the core of the coil resulting therefrom 
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will bring forth, if the alternation is slow the longitudinal tone of 
the core, and if the alternation (aufeinanderfolge) is quicker, a longi- 
tudinal vibration of the same, the period of which corresponds to 
the period of the interruptions of the current (unterbrechungen des 
stromes) or of the vibrations of the membrane, and consequently to 
the rate or pitch of the tone which entered the conical cavity. That 
means, according to the author, that “the rod (stab) reproduces 
the tone which was impressed upon the interrupting apparatus (un- 
ter prechungs apparat).” The strength of this tone is also propor- 
tionate to the original tone, for,” as the author, though not very ac- 
curately, exclaims, “ the stronger this is, the greater the motion of 
the little hammer, the greater finally the time during which the cir- 
cuit remains open, and consequently the greater, up to a certain 
limit, the motion of the atoms in the reproducing rod, which mo- 
tions affect us as greater vibrations, as the original wave itself would 
have done.” By means of this telephone the author made audible 
to the members of a large meeting of the Physical Society in Frank- 
fort-a-M., melodies sung not very loud into the apparatus, in a house 
situated about three hundred feet distant with closed doors. “Other 
trials showed that the resounding rod is capable of reproducing full 
chords (dreiklange) of a piano on which the telephone rests, and 
that, in short, it reproduces just as well the tones of other instru- 
ments, such as the harmonica, clarinet, horn, organ-pipe, etc., pro- 
vided the tones are within a certain range from F to f* or there- 
about. 

“As a matter of course, sufficient care was taken to ascertain 
whether direct transmission of the sounds had not a share in the 
result. This was ascertained very simply, by establishing for a 
given time a good shunt circuit directly before the coil, in conse- 
quence of which, of course, the activity of the latter ceased for that 

It was not possible thus far to reproduce spoken tones (ton- 
sprache des menschen) with a distinctness satisfactory to all. The 
consonants are, for the most part, distinctly reproduced ; the vowels 
not in the same degree.” The author attempts to explain this im- 
perfect reproduction of the vowels, by saying that the apparatus re- 
produces the vibrations to a certain extent indeed with proportion- 
ate, but also reduced strength, and the ear can no longer satisfac- 
torily discern the relation of the proportionately great vibrations 
which determine the pitch (tonhohe) to the small vibrations on which 
vocal quality (vocal farbe) depends. 
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(No. 19.) Defendants’ Exhibit, Muller’s-Pouillet’s 
Description of Reis. 


Lehrbuchdir Physik and Metererologie. Von John Miller. 
Siebente Auflage, Zwieter Band, 1868, pp. 386-389 


J. A. W., Sp. Ex’r. 


[Introduced in Record, page 7.] 


Galvanisches Tonen. 


After describing the production of tones by passing an inter- 
mittent current through the coil of an electro-magnet, as practised 
by Wertheim and others, the author says : 


When the breaks (Unterbrechungen) of the electric current fol- 
low each other in quick succession, the pitch of the magnetic tone 
we have just mentioned is indeed not changed thereby; but there 
arises simultaneously another tone, which depends on the sum of the 
magnetic shocks (Stösse) which the iron atoms are subjected to, and 
has the same pitch as the tone offered by the breaking apparatus 
itself (Unterbrechungs apparat). 

This tone, which arises by the side of the clicking noise, when 
the magnetic longitudinal tone of the rod is suppressed by the man- 
ner in which it is checked, is the one Reis made use of in the con- 
struction of his telephone. 

Fig. 348 represents Reis’ breaking apparatus (Unterbrechunges 
apparat). In the cover of the wooden hollow cube A a circular 
opening is made, which is closed by an elastic membrane (Schweins- 
dunndarm)—hog’s intestine—stretched over it. On the middle of 
this membrane a little platinum plate is cemented, which, through a 
very thin metallic strip F (more conspicuous in Fig. 349), is connected 
in circuit with screw a. On the middle of the platinum strip a short 
platinum point rests, which is fastened at g on the under side of the 
piece of metal plate A g i, one end, l, of which rests upon little sup- 


port 2; whilst a platinum point fastened at i on its under side plunges 
in a hole of little metalic support k, said hole containing a small 
amount of quicksilver. Screw 5 is in electric connection with me- 
talic support & (leitende Verbindung). 

From one of the poles of the battery a conducting wire goes to 


screw a of the breaking apparatus (Underbrechunges apparat), Fig. 
348 ; from the other pole of the same a wire goes to screw d of the 
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reproducing apparatus, to be mentioned next Fig. 350. Screw e of 
this apparatus is connected through a wire with 5 Fig. 348. 
Screws cand d are connected with the terminals of the small mag- 
netizing coil M Fig. 350. By the connection just mentioned the 
current of the battery passes through the coil. 

Now as soon as the sound waves of a sufficiently strong tone get 
into the mouthpiece of wooden cube A, the elastic membrane which 
closes the top opening of the same is thrown into vibration. Every 
entering wave of condensation raises the platinum strip as well as 
the little point resting thereon, but when the membrane oscillates 
inwards, the metalic plate A g i, with the little point fastened on at 
i, cannot follow quick enough. There occurs then for every vibra- 
tion of the membrane a break of the current (unterbrechung des 
stromes), which shows itself in a spark occurring at the point of 
breaking (unterbrechungestelle). Through the coil M runs a knitting 
needle, which, as the figure shows, is fastened on a sounding board. 
A cover provided with a second sounding board can be turned over 
the coil, and in this way the tone can be much increased. 

Now, if tones are produced before mouth piece ¢ by singing into 
it or playing organ-pipes, one hears at the reproducing apparatus, 
placed as far as convenient at first, a peculiar crackling noise, which 
is independent of the pitch of the tones produced at the breaking 
apparatus, but, besides these, tones themselves are distinctly and audibly 
reproduced by the steel wire ; and Reis found this to be true indeed 
for all tones between F and /. 

In the experiments of Reis the breaking apparatus was 300 feet 
distant from the coil ; in fact it was placed in another house with 
closed doors. But as the length of the conductors can be extended 
just as far as indirect telegraphy, Reis gave to his apparatus the 
name telephone (Jahres Bericht des Physicalischen Vereigns Zu 
Frankfurt-a-M, Fur 1860, 1861). 
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Bottger’s Polytechnisches Notizblatt, 1863, No.6. On the Trans- 
mission of Tones at any desired Distance by means of Electricity. 
( Telephony). 

J. A. W., Sp. Ex r. 


[Introduced in Record, page 7. 


Two decades ago the problem of giving signs, by means of 
electricity, from distances had not yet been entirely solved. Since 
then telegraphy has reached such a perfection and telegraph wires 
have so greatly spread that even the keenest desires have not much 
left to ask for. 

Now there appears a first earnest trial to reproduce tones at any 
desired distance by means of electricity. 

This first trial, which has been crowned with success, has been 
repeated in the lecture room of the Physical Society of Frankfort- 
on-the-Main, before numerous assembled members, on the 26th of 
October, 1861, by Mr. Ph. Reis, teacher of natural sciences at Frie- 
drichsdorf, near Frankfort. Into one part of his apparatus, located 
in a building about three hundred feet distant, and having all the 
doors and windows closed, melodies were sung, but not very loudly. 
The same could be heard by the members in the lecture room 
through the second part of the apparatus. 

These wonderful results were attained with the following very sim- 
ple apparatus: a small, light box, a kind of hollow wooden cube, has a 
larger opening in the front and a smaller one on the opposite side. 
The latter is covered with a very fine membrane (sausage skin), and 
the same is tightly stretched ; a small, flexible piece or strip of 
platina, fastened to the wood of the box, touches the membrane at 
its centre, and a second strip of platina is fastened by one end to 
the wood at a different place, and has at its other end a fine horizon- 
tal point touching the other strip of platina, where it lies on the 
membrane. 

As is known, tones are produced by the rapid succession of con- 
densations and rarefactions of the air. If the vibrations of the air, 
called waves, strike the thin membrane, they push the same against 
the strip of platina that touches it, and then allow it to immediately 
vibrate back into the hollow cube (called the artificial ear), and so 
cause the membrane to assume forms alternately bent towards the 
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cube and from the same. The strip of platina lying against the 
membrane is thus set into a swinging motion, so that it is alternately 
pressed on to the platinum point of the second strip and then re- 
leaves the same. 

If one of the strips is connected by a wire to one of the poles of 
a voltaic battery, and the electricity is conducted to any desired 
distance by a wire connected to the other pole and is then carried 
through a helix six inches in length, wound with six layers of thin 
silk-covered copper wire and from there is carried back to the 
second strip of platina on the wooden cube by means of an insul- 
ated wire, then, at every vibration of the membrane, an interruption 
of the current of electricity (Unterbrechungen der Stromungder 
Electricitat) will be caused, as the point on the one strip of platina 
no longer touches the other strip. Through the hollow of the 
spiral a thin iron wire (a thick knitting needle), about ten inches in 
length is passed, so that it projects out of each end of the spiral 
about two inches, and these projecting ends each rest on a bridge 
of a sounding board. 

It is known that if an electric current is passed through a helix 
that surrounds an iron wire, at every interruption a tone produced 
by the vibrations of the iron wire, is audible. If the makings and 
breakings of the current (Unterbrechungen des Stromes) follow each 
other rather slowly, the different positions (in regard to the length 
of the bar), which the molecules will be caused to assume by the 
electricity will produce a tone, its so-called proper longitudinal 
tone which depends on the length and thickness of the bar or wire. 

If the interruptions and re-connections of the currént (Unter- 
brechungen des Electrischen Stromes) in the spiral take place faster 
than the vibrations of the smallest parts of the wire, which in turn 
depends upon the elasticity of the wire, they cannot complete their 
course, receive new shocks, the vibrations get to be smaller but 
more rapid, and as numerous as the interruptions follow each other. 
The piece of wire no longer gives its longitudinal tone, but a tone 
which, according to the number of interruptions in a certain time, is 
higher if they are more frequent and lower if they are less frequent. 
It is known that the pitch of a tone depends on the number of air 
waves that follow each other in one second. We have seen that 
the number of interruptions of the electric current (Unterbrechun- 
gen des electrishen Stromes) by the membrane and the strips of 
platina is dependent upon this. 

Consequently the iron wire must give a tone of the same pitch 


as the sound which was received by the membrane. As electricity 
is hardly impaired when conducted a great distance, if the proper 
apparatus is used, it is evident that a tone acting on a membrane in 
one place can be made audible at any desired distance by the iron 
wire. 

That the tone is made audible only by electric vibrations, and 
not by direct transmission of the air waves through the wires can be 
most strikingly proved by noticing the fact that no tone is heard at 
the spiral if a good short circuit be established; i. e., if, for instance, 
a small strip of metal is laid across the two wires, directly in front 
of the spiral, the reproduced tones are weaker than the originals, 
but the number of vibrations is the same. It is easy to reproduce 
the tones in the proper pitch as the vibrations are smaller which is 
the cause of the weakness of the tone, it is much more difficult, 
however, for our ear, to estimate the difference in the size of the 
vibrations. 

The character of a tone depends upon the number of swellings it 
has, i. e., with tones of the same depth, consequently of the same 
number of waves per second, such as having the fourth, sixth, eighth, 
tenth, or sixteenth waves stronger than the rest. 

The physicists have shown that if a spring is vibrated by the 
teeth of a cog-wheel, the first vibration is the greatest, and every 
following one is smaller. If, however, before the spring comes to 
rest, another tooth strikes it, then the next vibration will be equal 
to the first strongest one, but the vibrations of the spring will not 
be any more numerous than before. Vowel tones can be artificially 
produced m this way. 

Although we may be far from being able to converse with a 
friend a hundred miles away and recognize his voice, as though he 
was sitting along side of us, the impossibility of attaining this result 
can no more be claimed. 

The probability that this result will be attained is almost as 
great as, by the wonderful experiments of Niepce, the * 
of natural colors by photography. 
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(No 231.) Defendants’ Exhibit, Dr. Clemens’ Publi- 
cation. Clemens’ Suggestions. 


J. A. W., Sp. Err. 
[Introduced in Record, p. G.] 


Deutsches Klinik, No. 48, Nov. 28, 1863, pp. 468-9. 


This most wonderful phenomenon of the transmission of sound 
in the electrified wire I have observed once before, about ten years 
ago, in the following manner: A strong induction coil was set in 
motion with one cell of battery, and the current conducted above 
ground through a copper wire several hundred feet long from my 
study to a distant garden house. As soon as the wire thus ex- 
tended was attached at the farther place to a strong coil, one 
could hear in that farther coil, quite distinctly, the running of the 
machine and likewise perceive at the second coil any tone which 
was able in any way to set up strong (bedentenden) vibrations. 
Shouting into a fuunel, blows on a metallic plate, etc., if directed 
towards the induction coil, were heard distinctly in the farther 


coil like the tones of an Tolian harp. Herein lies more than a 
wonderful fact in keeping for the future. 


80 DEFENDANTS EXHIBITS. 
(No. 32.) Defendants’ Exhibit, Industrial Gazette. 


“‘ Deutsche Industrie Zeitung,” 1863, Chemnitz. No. 9, April 17, 
1863, No. 16, page 184: 


J. A. W., Sp. Ex r. 
[Introduced in Record, p. 8.] 


“ Industrial Queries for Exciting Interest and Eliciting Responses.” 


„Of late there has been talk in newspapers about producing 
definite tones at a distance, similarly to telegraphic dispatches, 
such for instance as conducting the acoustic effects of an instru- 
ment far beyond the reach of the audibility of its sound. Do 
these communications rest upon actual facts?” 

No. 10, May Ist, 1863, No. 18, page 208. 


“ AnswERS. Answer to question in No. 16, page 184. Trans- 
mission of tones by electricity. According to the Bottgers Notiz- 
blatt, 1863, No. 6, ‘Successful experiments in Telephony’ were 
made in October, 1861, at Frankfort-a-M, by Prof. Ph. Reis, 
so that it seems not impossible to carry on conversations at 
miles distance, and even to convey the voice itself with its 
peculiar undulations, and also the tones of a musical instrument. 
Heretofore the voice could be reproduced from one house to 
another only for a distance of three hundred feet by means of a 
peculiar and ingenious apparatus. The arrangement of the same 
was essentially as follows: The waves of sound were taken up 
by an elastic surface and transmitted to a light commutator 
introduced into the circuit of a galvanic battery (einer federnden 
commutatur eingeschaltet in den Leitungsdraht). At the other end 
of the lines introduced, a coil of copper wise, inside of which 
was an iron wire resting upon a sounding-board, that was thrown 
into sonorous vibrations by the changes of current depending 
upon the waves of sound.” 

No. 11, May 29, 1863, No. 22, page 249. 


“ The reproduction of tones by electro-galvanic means (with a 
drawing, which is the same as the drawing of the apparatus in the 
Legat Article No. 8, pp. 539-45 Supra). 

“Although this subject has already been discussed by us (No. 18, 
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page 208), on account of the great interest it offers, we shall return 
to it more in detail. We enclose a drawing of an apparatus used by 
Mr. Ph. Reis in Frankfort-a-M, taken from the Zeitschrift 
des Deutch-Oester eichschen Telegraphen Vereins, 1862, folios 6, 7 
and 8. We take the liberty of following the lead of the above 
mentioned source in entering into a short discussion of the nature 


of tones. 


“The undulations of the air that excite in us, by operating 
upon the ear, the sensation of sound, by setting the drum of the 
ear into vibration are transmitted, as is well known, by a series 
of levers of admirable delicacy, that is, by the small bones of the 

ear (hammer, anvil and stirrup), to the inner portion of the ear 
and to the nerves that lie at that point. The attempt to reproduce 
tones depends upon the following: To set in motion an artificial 
imitation of this series of levers by the vibration of a membrane 
which takes the place of the drum and to make use of them to 
open and close a galvanic circuit which is connected by a metallic 
conductor with a remote station. 

“If we take into consideration the phenomena which takes place 
when we perceive a sound by the sense of hearing, we find that 
every tone is the result of rarefactions and condensations of the air 
repeated several times in a certain period. At every condensation 
the membrane of the drum is pressed inwards, and at every rarefac- 
tion outwards. These vibrations produce a simultaneous motion of 
the small bones of the ear, and a consequent transmission to the 
nerves of the ear. The greater the compression of the sound-con- 
ducting medium at any particular moment, the greater is also the 
amplitude of vibration of the membrane and small bones of the ear, 
and vice versa. The object, therefore, of the organs of hearing is to 
transmit with certainty the rarefactions and condensations of the 
sound-conducting medium to the nerves of hearing. On the other 
hand, it remains their object to bring to our perception the vibra- 
tions occurring in a given time with reference to number, as well as 
to amplitude. It is only in our perceptions that a given combina- 
tion receives a definite name, that vibrations become sounds. 

“ Anything other than the effect of such single vibrations, the 
organs of hearing are unable to take up, and these organs them- 
selves are competent to perceive single tones as well as combinations 
of tones, for if several tones are produced at the same time the 
sound-conducting medium is under the influence of several simul- 
taneous forces, which, according to the laws of mechanics, can be 
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replaced by a force which produces the same effect as all the single 
ones together. If all the forces operate in the same direction, the 
magnitude of the motion is proportional to the sum. If they oper- 
ate in opposite directions, the magnitude of the motion is propor- 
tional to the difference of the opposite forces. In that way several 
simultaneous tones operate upon our hearing, simply by a definite 
alternation of rarefactions and condensations of the sound-conducting - 
medium. As in the case of single tones, the tone itself depends ap- 
parently only upon the number of vibrations and the power upon 
the amplitude of the vibrations (perhaps also the strength). 

“ Now, as regards the apparatus, the upper figure is the trans- 
mitter and the lower one the receiver, or reproducer. 

“The transmitter consists of a metallic conical pipe, ab, about fif- 
teen centimetres in length, ten in diameter at a and four in diame- 
ter at ö. At the opening is closed by a membrane, o, of collodion, 
stretched tight. Upon the center of the same rests the end c of 
lever cd, whose fulcrum is placed at e on a support. The lever is to 
be made as light as possible, and its arm c longer than its arm d, so 
that the smallest motion at c will operate at d with the greatest 
amount of force. In the condition of rest the contact dg is closed, 
and a weak spring, u, holds the lever fast in this position of rest. 
Besides, there is attached to the apparatus a metallic standard, 7, 
connected with one pole of the battery, while the other pole is led to 
the ground through e. On the standard F is secured the spring, j, 
opposite the contact point d of lever cd at d, the position of which 
(spring) can be regulated by a screw, h. 

The receiver consists of an electro-magnet, m m, resting upon a 
sounding-board, R, and whose coils are in connection with a metal- 
lic conductor, and with the earth at E. Opposite the electro-mag- 
net is an armature, connected with the lever, as long as possible, 
but light and broad. This lever is fastened to the support & after 
the manner ofa pendulum, and its motions are regulated by a screw, 
b, and a spring, g. 

“To increase the efficiency of the apparatus, the receiver and re- 
producer can be set up in one focus of an elliptical concavity of 
proper size, while the listening ear of the hearer is placed in the 
other focus. 

“ The operation of the apparatus is now as follows: The tones 
of the voice or of an instrument are conducted into the conical pipe 
ab. By reason of their vibration the membrane is set into similar 


vibration, and in this way operates the opening and closing of the 


electric conductor. In consequence of this the magnet in the re- 
ceiver will be magnetized and demagnetized corresponding to the 
vibration of the tones, and the armature of the lever i is set in vibra- 
tions corresponding to those of membrane o. The wide surface of 
lever i transmits these vibrations to the air, and by this means they 
reach the ear of the hearer. In this transmission of tones, the only 
question is one of transmission of vibrations, a problem that mag- 
-neto-electric telegraphy is certainly sufficiently far advanced to deal 
with. 

“A friendly communication was sent us some time ago by Mr. 
J. F. Quilling, of Frankfort-a-M., according to which the capacity of 
the apparatus to transmit tones to a considerable distance clearly 
and with their characteristic timbre (Klangfarbe), is fully estab- 
lished. Mr. Q. writes us that by means of the telegraphic conduc- 
tor with which the apparatus of Mr. Ph. Reis was connected, two 
remote parts of the city were united, and although it was not possi- 
ble with the present construction of the apparatus to transmit 
spoken words (gesprochenen worte), they succeeded so well with the 
tones that were sung that not only were the melodies of songs re- 
produced distinctly and perfectly at a tolerably remote station, but 
known voices could be ; 

All present capable of judging, Mr. Q. adds, who availed them- 
selves of the opportunity of witnessing the experiment, agreed that 
the possibility is before us of making oneself understood verbally at 
any distance in the way shown by Mr. Reis.” 


(Mo, 23.) Defendants’ Exhibit, Gartenlaube Reis Im- 
proved Apparatus. 
( The “ Gartenlaube,” No. 51, December, 1863.) 
J. A. W., Sp. Ex’r. 
[Introduced in Record, p. 8.] 


THe Musica, TELEGRAPH. 


The surprising results in telegraphing have often excited the 
question whether it may not be possible to communicate the lan- 
guage of sound itself to a distance. The trials made in this direc- 
tion had till now produced no satisfactory results, because the vibra- 
tions of sound-conducting bodies soon diminish so much in force 
that they are no more perceptible for our senses. 

People, perhaps, had already thought of a reproduction of sound 
at certain distances with the aid of the electric current, but those 
who have been the best fitted to attack the question, by their know]- 
edge and resources, were the ones who doubted the most of a prac- 
tical solution of that question. Those who are but superficially ac- 
quainted with natural science do not see the many difficulties this 
problem offers, if they are at all acquainted with it. Thus, about 
eleven years ago, a young man, Mr. Philip Reis, at present teacher 
of natural sciences at the Garnier Institute for Boys at Friedrichs- 
dorf, near Homburg, had the hardihood to work at the solution of 
this problem. But soon he was obliged to desist from it because his 
very first effort seemed to convince him of the impossibility of a so- 
lution. Later, however, after further studies and many experiments, 
he saw that his first effort was but a rudimentary one, and by no 
means convincing. However, he did not recommence to attack the 
question seriously for some time, not feeling himself strong enough 
to vanquish the obstacles on his road, although he never banished 
his early idea entirely from his thoughts. 

How can a single instrument reproduce simultaneously the 
combined effects of all the organs active in human speech?” This 
seemed to him the chief question. Later he put his question more 
methodically : ““ How does our ear perceive the composite vibrations 
of all the organs of speech acting at the same time?” or, expressed 
more generally, “ How do we perceive the vibrations of several bod- 
ies sounding simultaneously ?” If we throw a stone into quiet water 
there are produced on the surface uniform waves which progress 
symmetrically outward ; the further they go the weaker they become, 
till they finally disappear. 
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It is quite similar with that what we callsound and tone. A body 
made to vibrate through any impulse affects the surrounding air, 
and -auses waves in it, which follow each other at the same rate as 
the vibrations of the body. As those rings on the water consist in 
swellings and depressions, so also the vibrations of the air consist of 
alternate condensations and rarefactions. If they reach our ear ev- 
ery condensation presses the tympanum towards the interior of the 
cavity, and puts in motion the adjacent group of small bones which 
communicates the motion;to the liquid of the cochlea, in which the 
auditory nerves terminate. The latter are excited and produce the 
sensation of sound. 

Now, if the waves of vibration follow regularly and with a cer- 
tain swiftness (sixteen in the second at least), we shall have the sen- 
sation of a musical fone. The latter is the higher the quicker the con- 
densations follow each other, and the louder the stronger or higher 
the waves rise, as it were. 

Our ear cannot perceive anything except condensations and rar- 
efactions, wave crests and wave hollows. And, nevertheless, we re- 
ceive the most varied auditory impressions, we distinguish the sound 
of the voices, we hear at the same time in quite different directions 
and can distinguish the different sources—nay, in a complete large 
orchestra, each of the numerous instruments is specially noticed by 
its peculiar sound, so that we decompose at every moment the total 
impressions into its several parts, according to the height and 
depth, strength and weakness, or according to the timbre (or qual- 
ity) Klangfarbel. 

Referring to our simile, this is about the same as if we throw 
two or more stones at different places into a calm pond. The wave 
lines cross each other, strengthen each other at some points, weaken 
each other at others, and the surface has a ruffled, hillocked aspect. 
But, nevertheless, our eye can detect the different systems of rings 
and can trace them back to their several causes. If we succeed in 
transmitting with the galvanic current the oscillations of a sounding 
body to a distance, so that there another body is put to equally 
rapid and, in respect to each other, equally strong oscillations, the 
problem of “ telephoning” is solved. 

For then exactly the same phenomena of waves are called forth 
on the distant points as the ear receives at the place of origin ; there- 


tinguish at the distant points not 
to their varying height and depth, 
force of the vibrations, and not only single melodies, but the 


86 DEFENDANTS EXHIBITS. 


formance of a whole orchestra ; yes, even speech must be heard at 
the same time, in places very distant from each other. Mr. Reis 
was the first one to prove by experiments the possibility of solving 
this problem. He has succeeded in constructing an apparatus to 
which he gives the name Telephone, and which enables one to re- 
produce tones, with the aid of electricity, at any given distance. 
Already, in October, 1861, he made rather successful experiments 
with a very simple, rudely-made apparatus, before a numerous 
audience at Frankfort. On July 4th of the present year, he pre- 
sented an essentially improved apparatus at an assembly of the 
“ Physical Union,” which transmitted, by closed doors and windows, 
a melody sung moderately loud, to a distance of about three hun- 
dred feet, so that it could be heard plainly. 

In order to give an opportunity to larger circles, especially to 
scientific men, to convince themselves of the efficiency of this essen- 
tially improved apparatus, Prof. Bottger, of Frankfort-a-M., made 
lately (at an assembly of German physicists and doctors in Stettin, 
in the sectional meetings for natural sciences) several experiments 
which certainly would have been crowned with still more success if 
the hall in which the session was held had been located in a less 
noisy part of the city and filled with a less numerous audience. 


Although, for the present, we are not so far along as to be able to 
converse with a friend at a distance of several hundred miles, so 
much at least is certain, that with the aid of the telephone, songs 
of all kinds, melodies, especially in the middle registers, can be re- 
produced most clearly at unlimited distances. These wonderful re- 
sults are obtained with the following simple apparatus, which we 
show here in one-fourth of its size : 
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A small box, A (the telephone proper), a kind of hollow cube 
has a mouthpiece, 8, on the front side, and a somewhat smaller 
opening on the upper side of the box. The latter is closed with a 
fine membrane (skin from the intestines of a hog), tightly stretched. 
A narrow strip of platina, m, connected with the screw post, d, 
touches directly the membrane on its centre; a slender platina 
point, L, attached to the angle, a ö, touches the strip of platina 
which rests on the membrane. If one sings into the mouthpiece, S 
(by filling the same entirely with the mouth), the thin membrane 
vibrates and the attached platina strip receives likewise a vibrating 
motion, so that it is alternately pressed against and leaves the platina 
point, E. 

From the binding post, d, which communicates with the platina 
strip resting on the membrane, a conducting wire is connected with 
one of the poles of a galvanic battery, B (about three to four six- 
inch Bunsen elements), and then the electricity is led through a wire 
attached to the second pole of the battery to the distant station, C ; 
there, at i, it passes through a coil, / /, formed of copper wire cov- 
ered with silk thread, then back again to screw /, and there to the 
platina point, & At every vibration of the membrane an interrup- 
tion of the electric current (unterbrechung des electrischen Stromes) 
takes place by the platina point parting from the platina strip. 

Within the wire coil at station, C, is a thin iron wire (a strong 
knitting needle), which is about ten inches long, and which, with its 
two ends projecting out of the coil for about two inches, each rests 
on two bridges of a sounding box. This is the reproducing ap- 
paratus. 

At every interruption of the current (Unterbrechung des Stromes) 
in the coil the iron rod is made to vibrate. If the motions follow 
with a certain rapidity, they produce a tone which is rendered 
audible by the sounding box. As the rate of the interruptions de- 
pends on the pitch of the tone that has been sung into the mouth- 
piece, the same tone is sounded with the same pitch from the sound- 
ing box. The length of the circuit has no influence upon this. It 
is true the electric current loses force the farther it goes, but there 
is no reason why relays should not be employed, the same as in tel- 
egraphing, and with their aid any number of reproducing ap- 
paratuses be set into simultaneous vibrations. Mr. Reis has en- 
deavored to give to his improved apparatus a form which should 
also be pleasing to the eye, so that it might fill worthily its place in 
any physical laboratory. He has applied, moreover, to the side of 
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the telephone, as well as to the reproducing apparatus, a small tel- 


egraph arrangement, which is a very good addition for convenient 
ting. (It is indicated in the drawing by the letters 


experimen 
efhg.) By alternately opening and closing the circuit with the 
key, e or , the most varied signals may be given after mutual agree- 
ment ; for instance, if one is ready for singing ; if everything has 
been understood, whether one should stop singing or commence 
anew, etc. 

Mr. Reis himself manufactures the principal parts of the tel- 
ephone, for which no small amount of physical knowledge and ex- 
perience is necessary. The mechanician, Wilhelm Albert, at Frank- 
fort, is charged with manufacturing the less important parts and the 
external outfit, as well as with the sale of the instrument at a low 
price. 
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(Wo. 24.) Defendants’ Exhibit, Polytechnisches Cen- 
tralblatt, 1863, pp. 857-9. 


This is a reprint of Bottger’s article, No. 20, supra. 
J. A. W., Sp. EX r. 
[Introduced in Record, page 8.] 
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(No. 25.) Defendants’ Exhibit, Reis’s Letter to Ladd. 


Journal of the Society of Telegraph Engineers and F Electricians, 
for March, 1883, No. 46. 


J. A. W., Sp. Ex r. 
[Introduced in Record, page 8.] 


RAS TELEPHONE. 


The following is a copy of an autograph description of Reis's 
telephone, which has been presented to the library by Mr. Wm. 
Ladd, member : 


(Copy.) 


F'RIEDRICHSDORF. 

Dran Sm—I am very sorry not to have been in Frankfort when 
you were there at Mr. Albert’s, by whom I have been informed that 
you have purchased one of my newly-invented instruments (tele- 
phone), though I will do all in my power to give you the most ample 
explanations on the subject. I am sure that personal communica- 


INSTITUT — 


tions would have been preferable, specially as I was told that you 
will show the apparatus at your next scientifical —s and thus 
introduce the apparatus in your country. , 

Tunes and sounds of any kind are only brought to our concep- 
tion by the condensations and rarefactions of air or any other me- 
dium in which we may find ourselves. By every condensation the 
tympanum of our ear is pressed inwards, by every rarefaction it is 
pressed outward, and thus the tympanum performs oscillations like 
a pendulum. The smaller or greater number of the oscillations 
made in a second given us, by help of the small bones in our ear 
and the auditory nerve, the idea of a higher or lower tune. 

It was no hard labor, either to imagine that any other membrane 
besides that of our ear could be brought to make similar oscilla- 
tions, if spanned in a proper manner, and if taken in good propor- 
tions, or to make use of these oscillations for the interruption of a 
galvanic current. However, these were the principles which guided 
me in my invention; they were sufficient to induce me to try the 
reproduction of tunes at any distance. It would be long to relate 
all the fruitless attempts I made, until I found out the proportions 
of the instrument and the necessary tension of the membrane. The 
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apparatus you have bought is now what may be found most simple, 
and works without failing when arranged carefully in the following 
manner : 

The apparatus consists of two separated parts, one for the sing- 
ing station A, and the other for the hearing station B. 


z 
1 
* 


Reis’s Telephonic Apparatus—Fac-simile of Drawing sent by Reis to Mr. Ladd. 


The apparatus A is a square box of wcod, the cover of which 
shows the membrane c, on the outside, under glass. In the middle 
of the latter is fixed a small platina plate to which a flattened cop- 
per wire is soldered, on purpose to conduct the galvanic current. 
Within the circle you will further remark two screws; one of them 
is terminated by a little pit in which you put a little drop of quick- 
silver; the other is pointed. The angle which you will find 
lying on the membrane is to be placed according to the letters, with 
the little hole à on the point a, the little platina foot ö into the 
quicksilver screw, the other platina foot will then come on the 
platina plate in the middle of the membrane. 

The galvanic current coming from the battery (which I compose 
generally of three or four good elements) is introduced at the con- 
ducting screw near 3, wherefrom it proceeds to the quicksilver, the 
movable angle, the platina plate and the complementary telegraph 
to the conducting screw s. From here it goes through the conduc- 
tor to the other station B, and from there returns to the battery. 
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The apparatus B, a sonorous box, on the cover of which is fixed 
the.wire spiral with the steel axis, which will be magnetic when the 
current goes through the spiral. A second little box is fixed on the 
first one, and laid down on the steel axis to increase the intensity of 
the reproduced sounds. On the small side of the lower box you will 
find the corresponding part of the complementary telegraph. 

If a person sing at the station A in the tube z, the vibrations of 
air will pass into the box and move the membrane above, thereby 
the platina foot c of the movable angle will be lifted up, and thus 
will open the stream at every condensation of air in the box. The 
stream will be re-established at every rarefaction. In this manner 
the steel axis at station B will be magnetic once for every full vibra- 
tion, and,as magnetism never enters nor leaves a metal without dis- 
turbing the equilibrium of the atoms, the steel axis at Station B 
must repeat the vibrations at station A, and then reproduce the 
sounds which caused them. Any sound will be reproduced if strong 
enough to set the membrane in motion. 

The little telegraph which you find on the side of the apparatus 
is very useful and agreeable for to give signals between both of the 
correspondents. At every opening of the stream, and next follow- 
ing shutting, the station A will hear a little clap, produced by the 
attraction of the steel spring. Another little clap will be heard at 
station B in the wire spiral. By multiplying the claps, and produc- 
ing them in different measures, you will be able as well as I am to 
get understood by your correspondent. 

I am to end, sir, and I hope that what I said will be sufficient to 
have a first try; afterwards you will get on quite alone. I am, sir, 

Your most obedient servant, 
Pu. Rus. 

FRIEDRICHSDORF, 137-63. 


To Mr. Wx Lapp, 
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(No. 26.) Defendants’ Exhibit, “Tagesblatt der 39 
Versamlung Deutsche Naturforscher.“ Giessen, 
September, 1884: From Prof. Sylvanus F. 


Thompeson’s Book on Philipp Reis, p. 94. 
J. A. W., Sp. EX r- 


[Introduced in Record, p. 8.] 


EXTRACT FROM THE REPORT OF THE GERMAN NATURALISTS’ 80 
CIETY, HELD AT GIESSEN (1864). 


“ Afternoon sitting on 21st September, 1864. 

“ Prof. Buff speaks about the tones of iron and steel rods when 
magnetized, and exhibits the corresponding experiments. 

“Dr. Reis demonstrates his telephone, gives thereupon an ex- 
planation and the history of this instrument. 

“ Prof. Poggendorff produces tones in a metal cylinder, the slit 
up edges of which touch one another firmly, and which is placed 
loosely round an induction-bobbin, through which there goes an in- 
terrupted current.” 


Defendants’ Exhibit No. 27. 


[See Defendants’ Exhibit No. 74, introduced p. 76, Defendants’ 
Case. ] 


(No. 28.) Defendants’ Exhibit, Kuhn’s description 
of Reis. 


Handbuch der Angewandten Elekricitatsslehre von Karl Kuhn, 
1865, pp. 1017-1021. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 8.] 


The experiments made by Reis in Frankfort-a-M., on the 26th 
October, 1861, have proved, however, that when the breaks of the 


current (stromunterbrechungen) follow each other almost continu- 
ously and very quickly in a coil provided with a thin iron core, the 
iron wire can enter into longitudinal vibrations, and in this way be 
enabled to reproduce sounds of different pitch. An exact repro- 
duction of the sounds does not take place, however, but only animi- 
tation ; for this reason it cannot be questioned here of transverse 
vibrations (transversal schwingungen). A phenomenon (erschei- 
nung) has otherwise been heard of, which belongs to the aforemen- 
tioned class, in which the intensity and the timbre (klang) of the 
sound accompanying it (the phenomenon) depend among other 
things on the strength of the current (strom starke) and on the 
number of breaks of the same, and in which, as it seems, the pitch 
of the tones also can vary under different circumstances. We can, 
however, hardly imagine by what arrangements it would be feasible 
to coax tones of any given height or depth out of an iron or metal 
tube split on one side, while it (the tube) is affected by the alternate 
currents of an induction apparatus the coil (rolle) of which sur- 
rounds it. Yet the possibility cannot be controverted that the 
principle of Neef s circuit breaker (unterbrecher) might contribute 
to the solution of the problem in question. It has been employed 
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for local purposes either with or without modifications in the study 
and investigation of acoustic phenomena. Thus Petrina has used 
the principle of Neef 's circuit breaker (unterbrecher) for his electric 
harmonica in this way, that instead of the Neef hammer a little rod 
was chosen, the transverse vibrations of which rendered the tone 
“ there are four little rods of various length, side by side, the mo- 
tions which are checked by means of levers managed by finger 
keys.” That principle was used previously by Dove in a modified 
manner, to set strained strings and elastic springs into acoustic vi- 
brations of constant amplitude by means of an electric magnet, and, 
in this way, to be enabled to investigate constant tones. It ap- 
pears from Legat’s published communications that “the ideas sub- 
mitted by Ph. Reis of Friedrichsdorf in the Physical Society and in 
the meetings of the German Hochstift in Frankfort-a-M., about the 
reproduction of sounds by means of electricity,” referred to arrange- 
ments of a similar kind. Legat mentions in his paper all that has 
been done thus far towards the realization of that project, and we 
borrow from it that part only which throws some light on the con- 
struction of a telegraphic apparatus with which it is said to be pos- 
sible to produce vibrations and make sounds in any desired manner 
and through which the employment of electricity is said to make it 
feasible to bring forth at any given distance vibrations similar to 
the first produced ones, and in this way to reproduce at a certain 
place tones originally produced at another place. 

This apparatus is composed of a transmitter and of a receiver. 
The transmitter (Fig. 504, p. 1016) consists in a conical tube a 3, 
about 15 cm. long, 10 cm. at the front, 4 cm. at the back opening ; 
the choice of the material, as well as a greater length, is indifferent ; 
a greater width, on the contrary, is disadvantageous ; the surface of 
the interior must be as smooth as possible. The narrower back 
opening is closed by a membrane of colodion, 0, and on the middle 
of the circular surface formed by this membrane rests one end, c, of 
lever c d, the fulerum of which is held by a support and remains 
connected with the metallic circuit. This lever, one arm, ce, of 
which must be considerably longer than e d, should be as light as 
possible so as to follow easily the motions of the membrane, as an 
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uncertain obedience (folgen) on part of lever e d would produce im- 
perfect tones at the receiving station. In the state of rest the con- 
tact d gis shut and a weak spring u holds the lever fast at rest. On 
the metallic support 7, which is connected with one of the poles of 
the battery, is a spring g with a contact which touches the contact 
of lever c d at d and the position of which is regulated by screw A; 
over tube a5 a disk must be placed which encircles the outer cir- 
cumference of the tube closely, so that the efficacy of the apparatus 
may not be impaired through the effect of the air waves coming 
round and striking against the rear end. This disk at right angles 
with longitudinal axis of the tube measures about 50 (?) cm. in 
diameter. The receiver (Fig. 505) consists of an electro-magnet 
mm, which rests on a sounding board and the coil of which is in 
connection with the metallic conductors and with the ground. 
Opposite the electro-magnet is an armature connected with a lever 
as long as possible, but light and broad, which latter with the 
armature is fastened pendulum like on the support . Its motions 
are regulated through screw / or spring o “In order to increase 
the efficacy of the apparatus, this receiver can be placed in one 
focus of an elipsoidal enclosing box of suitable size, while the ear of 
the hearer is placed at the other focus.” The working of the two 
apparatus (the mode of connection of which is visible in woodcuts), 
the transmitter being placed at one station and the receiver at the 
other, is as follows: By speaking, singing, or the intromission of 
instrumental sounds into tube a 3, in consequence of the condensa- 
tion and rarefaction of the column of air, a motion of the membrane 
e corresponding to these changes is brought about. Lever cd fol- 
lows the motion of the membrane, and opens or closes the circuit 
according as a condensation or a rarefaction of the air inside takes 
place. As A consequence the electro-magnet m m (Fig. 505) is cor- 
respondingly or magnetized, and the armature affixed 
to it (as well as the armature lever) is set into similar vibrations as 

the membrane of the transmitter. Through lever i, connected with 
the armature, similar vibrations are communicated to the surround- 
ing air and (the increasing effect of the sounding board helping) the 
tones so produced finally reach the ear of the listener. In respect 
to the operations of this apparatus, the author remarks that the re- 
ceiver does reproduce the exact number of the original vibrations, 
but that a reproduction of the original intensity has not yet been 
attained. For that reason, it is added, small differences in the 
vibrations are appreciated with difficulty, and in the practical ex- 
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periments made thus far it was possible to transmit with astonish- 
ing faithfulness chords, airs, etc., whilst in reading, speaking, etc., 
single words were more indistinctly heard. The apparatus just de- 
scribed is said to have been one of the constructions which Reis 
has used himself in his experiments. The underlying principles 
might give hopes of a further improvement of the apparatus, but 
the telephone which, according to later reports, Reis has finally de- 
cided upon has the disposition represented in Fig. 506, although 
the principle on which it is founded does not stand quite in 
harmony with the above-mentioned investigations of Wertheim, for 
instance. : 


The telephone proper A, consists of a hollow wooden box pro- 
vided with a short sound funnel 8, and the upper side of which is 
open in the centre and covered over tightly with a delicate mem- 
brane. On the middle of the latter a thin platinum disk is fastened 
from which on one side a platinum strip establishes circuit connec- 
tion with the contact of the key at e, from which place the metallic 
connection is effected with one end of the coil of a small electro- 
magnet provided with a spring armature, whilst the other end is in 
contact with screw y. The reproducing apparatus C, set up at the 
receiving station, consists simply of a coil about six inches long 
formed by winding six layers of copper wire; in the axis of the coil 
a thin iron wire ten inches long (a knitting needle) protruding out 
of each end of the coil about two inches, is so disposed that with 
its bridge-like supports it rests on a sounding board. By means of 
screw i, and of the key at & g, the coil is thrown into the circuit and 
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the connection of both apparatus is effected in the manner men- 
tioned ; a battery being placed at B, the course of the current is 
easily followed out. It can flow from B through dc and cb to e and 
V, and from here to the receiving station, and at i return to the bat- 
tery, or it can start in the opposite direction according as d or i 
forms the starting point of the current. The circuit can be broken 
at will at each of the two stations by pressing the key lever, and a 
connection can be established thus in either direction, but the dis- 
continuous currents which are to produce the sounding of the iron 
wire at C are obtained in this way. By singing or the blowing of 
instruments towards the sound funnel S, the membrane at A is made 
to vibrate ; if this can be brought about it will happen, as was de- 
monstrated by the experiments, that the iron wire of the receiver 
assumes isochronal vibrations, and whenever this is the case, it re- 
produces the same tones which set the membrane to vibrating at the 
transmitting station. 

My own experiments have demonstrated that every melody 
starting from c, and embracing the entire extent of an average male 
voice, when sung into the telephone, can be reproduced by the re- 
ceiver at C. The timbre (Klang) or quality of the sounds thus re- 
produced is not pleasant, they are almost like the sounds of toy 
trumpets, at times also like the buzz of a fly caught in a spider's 
web and the like; yet the experiments of Reis are certainly inter- 
esting enough to challenge attention. 

A reproduction of the words spoken into the telephone with or 
without variation of pitch was audible at the receiver only in a 
corresponding noise (entsprechendes Gerausch), while a discrimi- 
nate perception of single vocal sounds, syllables or words could not 
be had. According to communications made on this subject by 
Reis, he has succeeded in reproducing the tones of organ pipes not 
covered, and those of a piano; in this latter case the transmitter 
was placed on the sounding board of the piano. 

February 20, 1885. 
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(Mo. 29.) Defendants’ Exhibit, Albert's Catalogue of 
1873. 


Catalogue of J. With. Albert, Mechanician, at Frankfort-on-the- 
Main, 1873. 


J. A. W., Sp. Err. 
[Introduced in Record, p. 9.] 


(Extract from Preface). All instrument and apparatus will 
always be constructed according to the latest designs and improve- 
ments. In order that their construction may be better understood 
we have printed herein references where a more complete descrip- 
tion can be found, as follows: 

M.-P. Muller-Pouillet’s Lehrbuch der Physik, VIL Auflage. 

A list of other books is given. 

In the body of the catalogue is the following : 

957. Telephone of Reis for reproduction of tones by electricity, 
with description, 21 florins, 36 Rm. 


(M.-P. Fig. 348, bis. 350, Pisco, Akustik, fig. 60.) 
958. The same, with a simple electro-magnetic signalling appar- 
atus, 26 fl., 15 kr., 45 Rm. 


(We. 30.) Defendants’ Exhibit, “ Zeitechrift Deutsch- 
Oesterriskischen Telegraphen Vericens.” Berlin. 
Prussia. 1863. Vel 9, p. 135. 

(Contains reprint of the Reis-Legat Article.” See No. 6.) 


J. A. W. Sp. Ex’. 


(For No. 31, see pages Nos. 1363 and 1483.) 


(Wo. 32.) Defendants’ Exhibit Journal of the Society 
of Architects and Engineers for the Kingdom 
of Hanover, Vol. XII., page 147, A. D. 1866. 


J. A. Welch, Special Examiner, May 13, 1884. 


(Introduced in Record, p. 9.) 


New System of Acoustic Telegraphy. 


The Dublin Medical Press publishes an article upon the new 
apparatus which permits the sound of the human voice to be trans- 
ported to remote places. A person speaks into a tube near which a 
membrane is stretched, the vibrations will be carried through the 
conducting wire to a similar membrane at the receiving station 
(“endstation”). By means of the same vibrations the same sounds 
will be produced, and so shall it be possible, in fact, to carry on a 


conversation with another part of the world. Compare this report 
with Dinglar’s, Part 4, 1864. 
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(S.) Defendants’ Exhibit, The Dublin Medical “Press,” 
Wednesday, Oct. 14th, 1863. Vol. L., No. 12393, 
p. 471. : 


J. A. Welch, Special Examiner, May 13, 1884. 


[Introduced in Record, p. 9.) 


An extraordinary invention has been planned and perfected— 
namely, telegraphing by voice to vast distances, say, between Lon- 
don and Liverpool. The operator places his mouth to the tube in 
front of the instrument and sings a note; when immediately the 
membrane begins vibrating in accordance with the note sounded, 
and causes the iron core in the receiving instrument at the other end 
to be magnetized and demagnetized a number of times equal to the 
number of vibrations of the membrane, and so conveys to the re- 
ceiver an impression of a musical sound the same as transmitted at 
the other end. This, it is hoped, will extend from vocal tones to 
verbal tones. 


104 
(Wo. 34.) Defendants’ Exhibit, Cosmos (Moigno). 


Weekly Encyclopedic Review of the Progress of the Sciences. Faris, 
December 25th, 1863. Vol. 23, p. 706. 


J. A. Welch, Special Examiner, May 13, 1884. 


[Introduced in Record, page 9.] 


Acoustic Telegraphy.—There has been invented and constructed in 
England an electric telegraph apparatus which permits the notes of the 
human voice to be transmitted from one point to another very dis- 
tant one. The operator places himself before the instrument and 
sings into the tube any note whatever. A membrane stretched near 
to the tube, so as to vibrate under the influence of the note sung, 
is put in connection by a wire conductor with another membrane 
placed in the same conditions at the station to which one speaks. 

The number of the vibrations of the first membrane corresponds 
exactly to the opening or the interruption of the electric current 
transmitted by the wire conductor to the opposite membrane, this 
one, under the influence of the currents, vibrates in unison with the 
first and renders also a sound identical with the sound sung. There 
is but one more step to make, adds the Dublin “ Medical Press,” 
and one will be able to speak, in the proper sense of the word, from 
one end of the earth to the other.—Notes of M. Koenig. 
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(Mo. 35.) Defendants’ Exhibit, “Scientific American 
Supplement,” February 5, 1876. Pp. 92-93. 


J. A. W., Sp. Ex’r. 
[Introduced in Record, page 9.] 


ON THE TRANSMISSION OF MUSICAL TONES TELEGRAPHICALLY. 
By Enn Gray. 


(Read before the American Electrical Society, March 17th, 1875.) 


While engaged in studying the phenomena of induced currents, I 
had noticed a sound proceeding from an electro-magnet connected 
in the secondary circuit of a small Ruhmkorff coil which was at that 
time in operation. This, of course, was not new (in having been 
observed by Page, Henry, and others, that the magnetization of iron 
is accompanied with sound), but it helped to direct my mind to the 
subject of transmitting musical tones telegraphically. Subsequently, 
I made a discovery that led to a thorough investigation of the sub- 
ject, and I have devoted my whole time since then to the study 
which it suggested. 

The circumstance was as follows: My nephew was playing with 
a small induction coil, and, as he expressed it, was “ taking shocks ” 
for the amusement of the smaller children. He had connected one 
end of the secondary coil to the zinc lining of the bath tub, which 
was dry at that time. Holding the other end of the coil in his left 
hand, he touched the lining of the tub with the right. In making 
contact, his hand would glide along the side for a short distance. 
At these times I noticed a sound proceeding from under his hand at 
the point of contact, which seemed to have the same pitch and qual- 
ity as that of the vibrating electrotome, which was within hearing. 
I immediately took the electrode in my hand, and, repeating the 
operation, to my astonishment found that by rubbing hard and 
rapidly I could make a much louder sound than the electrotome was 
making. I then changed the pitch of the vibration, increasing its 
rapidity, and found that the pitch of the sound under my hand was 
also changed, it still agreeing with that of the vibration, I then 
moistened my hand and continued the rubbing, but no sound was 
produced so long as my hand remained wet; but as soon as the 
parts in contact became dry the sound reappeared. 

The next step was to construct a key-board, with a range at first 
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of one octave, similar in appearance to the cut shown in Fig. 1, 
which has two octaves. 

Each key has a steel reed, or electrotome, tuned to correspond to 
its position in the musical scale. A better understanding of the 
operation of a key and its corresponding electrotome may be ob- 
tained by referring to the detached section shown in Fig. 1 a. 

a is a steel reed tuned to vibrate at a definite rate corresponding 
to its position in the scale. One end is rigidly fixed to the post 3, 
while the other end is left free, and is actuated by a local battery. 
The magnets e and F are arranged in the same local circuit, magnet 
J having a resistance of about thirty ohms, and magnet e about four 
ohms. When the read a is not in vibration the point O is in electri- 
cal contact with it, which throws a shunt wire entirely around the 
magnet 7, thus, practically, the whole of the local current passes 
through magnet ¢ at the instant of closing the key C. It is well 
known that when two electro-magnets are placed in the same cir- 
cuit, the one which has the higher resistance (other things being 
equal) will develop the stronger magnetism, and that if the magnet 
of higher resistance be taken out of the circuit, the force of the 
other will be increased. When the key C, being depressed, closes 
the local circuit at d, the operation of the reed is as follows: The 
whole of the current from battery L passes through the magnet e, 
which attracts the reed, say, with a power of four. When the reed 
has moved towards I far enough to leave the point G, the shunt cir- 
cuit is broken, and the current flows through both the magnets im- 
mediately the power in F rises from zero to five, and that of e drops 
from four to one, and the reed is attracted toward F with an effective 
force of four, until contact is again established with the point G. 
The operation is repeated at a rate determined by the size and length 
of the reed, and which corresponds with the fundamental of the note 
its represents. The figures given above only approximate the facts. 
The relation of the magnet as to size and resistance, so as to give 
an equal impulse to the reed in both directions, was determined by 
actual experiment with a battery of a given size. 

It will be observed that by this arrangement the centre of vibra- 
tion coincides with the centre of the reed when at rest, so that the 
pitch of the tone is not disturbed by any ordinary change of battery, 
as is liable to be the case when only one magnet is used, or when 
the impulse is not equal in both directions. 

A second battery, which we will call the main battery, is connected 
as follows: One pole is connected to the ground ; the other runs to 
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the instrument, and, entering at binding screw 4 (Fig. 1 a), runs to 
point H of key O to point i, which makes contact with the reed a; 
from the reed a to binding screw /, and thence to line. It will be 
seen that when the key is at rest the batteries are open at the points 
d and H. 

All the keys in the instrument, whether one or more octaves, 
have corresponding reeds and actuating magnets, the only difference. 
being in the tuning of the reeds. There is but one main and one 
local battery used, and the connections to each key are run in branch 
circuits from the binding screws, as shown in Fig.1 a. But since 
all these branches are open at the key points, neither of the batteries 
is closed unless a key is depressed. 

If now the keys are manipulated, a tune may be played which is 
audible to the player. When any key is depressed, the local battery 
sets in vibration its corresponding reed, which sounds its own fund- 
amental note according to the laws of acoustics. So far the instru- 
ment is an electrical organ, the motive power being electricity in- 
stead of air. The main battery has had no part whatever in its 
operation. 

If, however, the main circuit is closed by connecting the distant 
end to ground, and the point I is properly adjusted so that it makes 
and breaks contact with the reed at each vibration, a series of elec- 
trical impulses, or waves, will be sent through the line, correspond- 
ing in number per second to the fundamental of the reed. 

Now as the pitch of any musical tone is determined by the num- 
ber of vibrations per second made by the substance from which the 
sound proceeds, it is clear that if these electrical waves can be con- 
verted into audible vibrations at the distant end of the line, whether 
it be one mile or five hundred miles from the player, the note pro- 
duced will be of the same pitch as that of the sending reed. 

There are various ways by which these electrical waves may be 
converted into audible material vibrations. One of the most curious 
and novel is the one in which animal tissue plays a prominent part. 
Following out the idea suggested by the bath-tub experiment, I 
constructed various devices with metallic plates for receiving the 
tune by rubbing with the hand. A very convenient method for 
doing this is shown in Fig. 2. 

This instrument has a metal stand of sufficient weight to keep it 
in position while being manipulated. Upon the stand a horizontal 
shaftis mounted in bearings, upon one end of whichisa crank, with a 
handle made of some insulating substance. Upon the other end is 
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centered a thin cylindrical sounding-box, made of wood, the face of 
which is covered with a cap made of thin metal, spun into a convex 
form to give it firmness. This box has an opening in the centre to 
increase its sonorous qualities. The metal cap is electrically con- 
nected to the metal stand by means of a wire. 

If the operator connects the cap, through the stand, to the 
ground, and taking hold of the end of the line with one hand, presses 
the fingers against the cap, which he revolves by means of the crank 
with the other hand, the tune that is being played at the other end 
of the line becomes distinctly audible, and may be heard throughout 
a large audience room. If the conditions are all perfect, the faster 
the plate is revolved the louder will be the music, and the slower the 
the motion the softer will it become. When the motion stops the 
sound entirely ceases. 

I have found that electricity of considerable tension is needed to 
produce satisfactory results, at least that of fifty cells of battery. 
The necessary degree of tension is most conveniently obtained by 
passing the line current through the primary circuit (adapted to the 
circuit wherein it is used) of an induction coil, and connecting the 
receiver in the secondary circuit. 

The cause of this phenomena has been the source of much spec- 
ulation and experiment. At first, I supposed it to be the quivering 
of the muscles at the hand, produced by the electric impulses and 
communicated to the plate and box making an audible sound, and 
that the motion was produced through the medium of the nerves. 
This idea, however, had to be abandoned. While visiting in Eng- 
land, in 1874, I called on Professor Tyndall at the Royal Institu- 
tion, and exhibited to him a portion of my apparatus. He experi- 
mented with various substances, and found that the same result in 
kind if not in degree, could be produced with dead animal tissue. 
For instance, a bacon rind that had been pickled and smoked until 
there could be no suspicion of a nervous influence left, would, when 
sufficiently pliable, produce the sound, the cuticle being used next 
the plate. 

While Prof. Tyndall’s experiments did not explain what the cause 
of the phenomenon really was, they determined most conclusively 
that it was not due to nervous influence upon the tissues, acting in 
sympathy with electrical impulses. It was suggested by some that 
it might be caused by electrical discharges, in the form of a spark, 
from the hand to the plate; but if this is true, why should motion 
as a gliding of the hand over the surface of the plate, be necessary to 
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produce the result? Others have suggested that the molecules of 
the substance in contact were disturbed upon the passage of such 
electrical impulse, roughening the surface, and for the instant pro- 
ducing a sudden increase of friction. If this is true, why should 
wetting the parts in contact destroy the effect? 

But to continue my experiments: I noticed that when revolving 
the plate with my finger in contact, the friction was greater when a 
note was sounding. I then connected a small Ruhmkorff coil to a 
battery, inserting a common telegraphic key in the primary circuit, 
instead of the self-acting circuit-breaker. I connected one end of 
the secondary coil to the metal plate and holding the other end in 
my hand, I rubbed the plate briskly, and had my assistant slowly 
make dots with the key. I noticed at each make of the circuit a 
slight sound and at each break a very much louder one, owing to 
the fact that the terminal secondary wave is much more intense than 
the initial. I now held my hand still, and, while I could feel the 
shock just as distinctly as before, there was no audible sound, 
proving that the motion was a necessary condition in its produc- 
tion. The sensation when the sound was produced was as though 
my finger had suddenly adhered to the plate, and then as suddenly 
let go, producing a sound. 

The next experiment was with one hundred cells of gravity bat- 
tery. I connected one pole to the plate and held the other in my 
hand, pressing my finger against the plate and revolving it as before. 
I inserted a thin piece of paper between my fingers and the plate 
to prevent painful effects from the current, and my assistant made 
dashes with a key in the circuit. I was thus able to notice the 
effect of an impulse of longer duration. When the key was closed 
there was a perceptible increase of the friction, so that my finger 
took a position farther forward on the plate, where it would remain 
as long as the circuit remained closed. As soon as the key was 
opened my finger suddenly dropped back on the plate, making the 
same noise I had before heard. This operation was repeated so 
often that there could be no question as to the effect it produced. 

From the foregoing experiments, I find that the following con- 
ditions are necessary to reproduce musical tones through the 
medium of animal tissue, by means of electric waves transmitted 
through a telegraph wire. 

Ist. The electrical impulses must have considerable tension in 
order to make the effect audible. 
2d. The substance used for rubbing the receiving plate must be 
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soft and pliable, and must be a conductor of electricity up to the 
point of contact, and there a resistance must be interposed, very 
thin, neither too great nor too little. 

8d. The plate and the hand or other tissue must not only be in 
contact, but it must be a rubbing or gliding contact. 

4th. The parts in contact must be dry, in order to preserve the 
necessary degree of resistance. 

It will be seen that we have here the conditions of a static charge, 
the plate receiving one polarity from the battery, and the hand the 
other polarity, the interposed resistance preventing in a great 
degree the dynamic effect. It is a well-known fact that two bodies 
statically charged with opposite electricities attract each other. 
May not this be the whole solution of the phenomenon, that each 
wave as it arrives at the receiving end becomes for a moment static, 
which results in a momentary attraction between the plate and the 
finger and this immediately ceasing when the wave is gone, releases 
the finger with a noise or sound. If, then, sounds are repeated as 
fast as the sending reed vibrates, the production of a musical tone 
must follow according to well known laws of acoustics, providing the 
waves are sent to line in musical order. 

In the winter of 1873-4, I experimented very elaborately and 
worked out many new applications of the principle, not only to trans- 
mission of music, but to the transmission of telegraphic messages. 

If, instead of the revolving plate and the animal tissue we place 
in the circuit an electro-magnet, or a number of them, and have a 
tune played at the transmitting end, the tune will be heard from all 
these electro-magnets. The music produced will be loud or low ; 
Ist. As the battery used is strong or weak; 2d. As the line offers 
more or less resistance; and 3d. As the magnets are mounted more 
or less favorably for acoustic effect. 

In this case, as in that of the animal tissue, each impulse pro- 
duces a sound; but it is produced differently in the two. It is a 
well known fact that an iron rod elongates when magnetized and 
contracts again when demagnetized. The elongation and contraction 
are so sudden, that an audible sound is produced at each change. 
In order to convert this sound into musical tone, it is only necessary 
to repeat it uniformily and at a definite rate of speed, which 
shall not be less than sixteen nor more than four thousand per 
second. 

When the electro-magnet is properly mounted, the tone may be 
made very loud. Fig. 3 shows a very good form for mounting the 
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magnet for receiving the music. It isa common electro-magnet 
having a bar of iron rigidly fixed at one pole, which extends across 
the other pole, but does not touch it by about one-sixty-fourth of an 
inch. In the middle of this armature a short post is fastened, and 
the whole mounted on a box made of thin pine, with openings for 
acoustic effects. 

One of the earliest discoveries with this experiment was the 
fact that not only simple but composite tones could be sent through 
the wire and received, either on the metal plate or on the magnet. 
Not only could a simple melody be transmitted, but a harmony or 
discord could be equally well. From that time I have worked 
assiduously with the view of making a rapid telegraphic system 
embodying this discovery. The first step was to analyze the tones 
at the receiving end, which if successfully accomplished, would open 
the way to a multiple Morse, a fast printing, an autographic and 
other systems. 

It would be impossible to give in this paper all the experiments 
tried, for there were very many indeed. I accomplished the analysis 
in a number of ways. The method which seemed in all respects to 
give the best satisfaction is as follows: 

Fig. 4. is a perspective of one form of a receiving instrument 
called an analyzer. The construction of the instrument is very 
simple. It consists of an electro-magnet adapted to the resistance 
of the circuit where it is intended to be used, and of a steel ribbon 
strung in front of this magnet in a solid metal frame, and provided 
with a turning screw at one end so as to readily give it the proper 
tension. The length and size of the ribbon depend upon the note 
we wish to receive upon it. If it is a high note, we make it thinner 
and shorter, if a low note, we make it thicker and longer. If this 
ribbon is tuned so that it will give a certain note when made to 
vibrate mechanically, and the note which corresponds to its funda- 
mental is then transmitted through its magnet, it will respond and 
vibrate in unison with its transmitted note, but if another note be 
sent, which varies at all from its fundamental, it will not respond. 
If a composite tone is sent, the ribbon will respond when its own 
note is being sent as a part of the composite tone, but as soon as its 
own tone is left out it will immediately stop. Thus I am able to 
select out and indicate when any note is being sent, in fact, to 
analyze the tones which are passing over the line. 

This method of analyzing tones transmitted through a wire elec- 
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trically is analogous to Helmholtz’s method of separating tones 
transmitted through the air. 

The transmitting instruments used in sending composite tones 
are made similar in every respect to the one s own in Fig. 1 a, ex- 
cept that each reed is separately mounted. A cut of one of these 
transmitters, used in telegraphic work, is shown in Fig. 5. 

Fig. 6 shows a diagram view of two transmitters and two re- 
ceivers with their connections. The local circuits with their mag- 
nets, are left off to avoid confusion. 

A and B represent two transmitters, placed at one end of a line; 
A’ and B’, two receivers at the other end. One end of the main bat- 
tery is connected to line, and the otherend to ground. Each trans- 
mitter is placed in a shunt wire running from its main battery con- 
nections around one-half of the battery. A common open circuit 
key is placed in each of these shunt wires. Suppose, now, the two 
reeds A and B, A making 264 vibrations per second, and B 320, 
just two tones or a major third above A. So long as the keys re- 
main open, the battery is all on the line steadily. If the key of 
transmitter A is closed, half of the battery is being thrown on and 
off the line at a rate of 264 times per second. This causes a suc- 
cession of electrical waves to flow through the line at the same 
rate. If now the steel ribbon of the analyzer A’ has been tuned in 
unison with these electrical waves, it will respond and hum the 
same note as the transmitter ; but if it is not in unison, it will re- 
main practically quiescent, so that the note can only be heard by 
submitting it to the most delicate test. To bring them in unison, it 
is only necessary to turn the tuning-screw up or down, as the case 
may be. When the fundamental of the ribbon corresponds with 
that of the sending reed, it announces the fact. by sounding out 
loud and full. If (having the key of transmitter A still closed, and 
consequently its corresponding analyzer still sounding) we close the 
key belonging to transmitter B, the other half of the battery will be 
thrown on and off the line, at the rate of 320 times per second, and 
another succession of electrical waves will flow through the line, 
this one being at the rate of 320 times per second. Ifthe analyzer 
B' is in proper tune, so that its fundamental is the same as that of 
its corresponding transmitter B’ it will hum its note as long as the 
key is closed, making a chord with A’. In the same way, a great 
number of different notes may be sounding at the same time, at one 
end of a telegraphic line, and be heard simultaneously at the other 
end, each note sounding upon a different receiving instrument. 
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The manner of making these vibrations of the analyzer operate a 
sounder, a register, or other recording instrument, is shown in the 
detached section of the analyzer, at Fig.7. In this case a is a short 
section of the steel ribbon, 5 the electro-magnet, O a light metal bar 
pivoted at E, D a platinum point resting against another on the 
ribbon a, and F an adjusting spring by which the pressure of lever 
C, at the point D, agalnst the ribbon a, is regulated. One pole of 
the local battery is connected to the steel ribbon, through the frame 
of the instrument. The other runs through the sounder-magnet G, 
and thence to the lever C, completing the circuit at the point D. The 
tension of the spring / is so regulated that the rate of vibration of 
the lever C is naturally slower than that of the ribbona. The 
operation is as follows: When the operator at the sending station 
closes his key, the ribbon a is thrown into vibration, and remains so 
as long as the key continues closed; but comes to rest immediately 
when the key is opened. The lever C, not being able to follow the 
ribbon, rattles against it with a buzzing sound, disturbing the con- 
tinuity of the local circuit by throwing in a great resistance at the 
point D. This resistance is sufficient to act upon the sounder the 
same practically as dead break. By this means the sounder is made 
to follow the key of the operator who is sending the proper note. 
In the same manner all the other tones may be brought into ser- 


vice, each ignoring the other, and each seeking its own at the re- 
ceiving end. 

By this method, not only may different messages be sent simul- 
taneously, but a tune with all its parts may be sent through 
hundreds of miles of wire, and be distinctly audible at the receiv- 


ing end. 

A successful experiment was made at Milwaukee, Wis., on Janu- 
ary 8th, 1876, with Mr. Gray's system. A loop was arranged by way of 
Horicon to Portage and back by way of Watertown, a distance of 
200 miles. Over this single wire eight operators sent messages and 
signals in the same direction at the same time, without any one in- 
terfering with another. The experiment was witnessed by a num- 
ber of telegraphers and representatives of the press. 
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Scientific American, March 4, 1876. 
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THE INVENTION OF THE TELEPHONE. BY P. H. VAN DER WEYDE, 
M.D. 

In connection with Mr. Gray's application of the telephone to 
the simultaneous transmission of several different telegraphic mes- 
sages over one wire at the same time, and his paper read before the 
American Electrical Society (published on page 92, Scientific Ameri- 
can supplement for Feb. 5), it may be interesting for the readers of 
this paper to obtain some information in regard to the invention of 
the telephone, by Reuss. As mentioned in the article above referred 
to, Page and Henry observed that, by rapid magnetization and de- 
magnetization, iron could be put into vibrations isochronic with the 
interruptions of the current; and later, Marian experimented exten- 
sively in this direction, while Wertheim made a thorough investiga- 
tion of the subject, which induced Reuss, of Friedrichsdorf, near 
Hamburg, Germany, to apply this principle to the transmission of 
musical tones and melodies by telegraph ; and he contrived an ap- 
paratus which we represent in the engravings. 


SSG FILS 
Mss: mess a See: 7 : 


The telephone of Reuss consists of two parts, the transmitting 
and the receiving instrument. Fig. I. represents the former, and is 
placed at the locality where the music is produced; Fig. II., the 
latter, is placed at the station where the music is to be heard, which 
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may be at a distance of one hundred, two hundred, or more miles, 
in fact, as far as the battery used can carry the current, while the 
two instruments are connected with the battery and the telegraph 
wire in the usual manner. One pole of the battery is connected 
with the ground plate, the other with the screw, marked 2 of Fig I., 
and thence over a thin copper strip u, with a platinum disk, o, at- 
tached to the centre of the membrane stretched in the large top 
opening of the hollow and empty box, K, intended to receive and 
strengthen the vibrations of the air, produced by singing before the 
funnel-shaped short tube attached to the opening in T. Over the 
platinum disk, c, attached to the elastic membrane, is a platinum 
point attached to the arms 6 c and 5 K, while a set screw brings this 
point in slight contact with the platinum disk mentioned, a part of 
the box is represented as broken and removed in order to show the 
internal construction. The strip a 6 e is connected with the end s, 
of the switch ¢ s, and the screw connection, 1, at the lower right 
hand corner, and also through the telegraph wire, to the instrument 
Fig. II., at the receiving station, which may be situated at a dis- 
tance of many miles. Here the current enters by the screw connec- 
tion 3, and passes through the spiral g, surrounding the soft iron 
wire, d d, of the thickness of a knitting needle, and leaves the appa- 
ratus at the screw connection, 4, whence it obtains access to the 
ground plate, and so passes, through the earth back to the battery. 
The spiral and iron wire d d is supported on a hollow box B, of 
thin board; while a cover D, of the same material is placed on top, 
all intended to strengthen the sound produced by the vibrations 
which the interruption of the current caused in the iron wire d d, 
so as to make these vibrations more audible by giving a large vibra- 
tory surface, in the same way that the sounding board of a piano- 
forte strengthens the vibrations of the air, caused by the strings, and 
makes a very weak sound quite powerful. 

If a flute be played before the opening T, or if a voice be singing 
there, the vibration of the air inside the box K, causes the mem- 
brane m to vibrate synchronically, and this causes the platinum 
disk o to move up and down with corresponding frequency. At 
every downward motion the contact of this disk with the platinum 
point, under 4, is broken, and therefore the current is interrupted as 
rapidly as the vibrations occur. Let, for instance, the note C be 
sounded ; this note makes sixty-four full vibrations in a second, and 
we have, therefore, sixty-four interruptions of the electric current, 
which interruption will at once be transmitted through the tele- 
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graph line to the receiving instrument, and put the bar d d into ex- 
actly the similar vibrations, making the very same tone C audible ; 
and so on for all other rates of vibration. It is clear that in this 
way not only the rhythm of music can be transmitted (and this can 
be done by the ordinary telegraph), but the very tones, as well as 
the relative durations and the rests between them can thus be sent, 
making a full and complete melody. The switch f s, Fig. I., is in- 
tended, in connection with a similar one in Fig. II., to communicate 
between the stations with the help of the electro-magnet E E, to as- 
certain if station Fig. II. is ready to receive the melodies; then it 
gives the signal by manipulating the switch, which is received by 
the attraction of the armature A, the latter arrangement being a 
simple Morse apparatus attached to the telephone. 

Professor Heisler, in his Lehrbuch der technischen Physik (3d 
edition, Vienna, 1866), says, in regard to this instrument: The tele- 
phone is still in its infancy ; however, by use of batteries of proper 
strength, it already transmits not only single musical tones, but 
even the most intricate melodies, sung at one end of the line to the 
other, situated at a great distance, and makes them perceptible there 
with all the desirable distinctness.” After reading this account in 
1868 I had two such telephones constructed, and exhibited them at 
the meeting of the Polytechnic Club of the American Institute. The 
original sounds were produced at the further extremity of the large 
building (the Cooper Institute), totally out of hearing of the Asso- 
ciation, and the receiving instrument, standing on the table in the 
lecture room, produced (with a peculiar and rather nasal twang) the 
different tunes sung into the box K, at the other end of the line; 
not powerfully, it is true, but very distinctly and correctly. In the 
succeeding summer I improved the form of the box K, so as to pro- 
duce a more powerful vibration of the membrane, by means of re- 
flections effected by curving the sides; I also improved the receiv- 
ing instrument by introducing several iron wires in the coil, so as to 
produce a stronger vibration. I submitted these, with some other 
improvements, to the meeting of the American Association for the 
Advancement of Science, and on that occasion (now seven years 
ago) expressed the opinion that the instrument contained the germ 
of a new method of working the electric telegraph, and would un- 
doubtedly lead to further improvements in this branch of science, 
needing only that a competent person give it his undivided atten- 
tion, so as to develop out of it all that it is evidently capable of pro- 
ducing. : 
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Before leaving this subject, I wish to draw special attentian to 
the fact that the merits of the invention consist chiefly in the ab- 
sence of musical instruments, tuning forks, or their equivalents for 
producing the tones; any instrument will do: flute, violin, human 
voice, etc. If the aerial vibrations are only conducted into the box, 
Fig. I, the apparatus will send the pitch as well as the duration of 
the different tones, with the rests between, therefore not only trans- 
mitting perfect rhythm, but a complete melody, with its long and 
short notes. The two parts of the apparatus may even be connected 
each to a separate piano-forte; and if this were done in a proper 
manner a melody played on the piano-forte connected with the trans- 
mitting instrument, Fig. I., would be heard in the piano-forte at a 
great disatnce, connected with the receiving instrument, Fig. II. 
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Fig. 100.—Professor Wheatstone’s Alphabetical Instrument — Recetving Apparatus and Alarum. 


* WHEATSTONE'S ALPHABETICAL INSTRUMENT. 

152. The various step by step, or letter-indicating, telegraphs 
may be said mainly to owe their origin to Professor Wheatstone, 
whose early labors were mostly in this direction, and who has grad- 
ually perfected his apparatus until it has assumed the form now so 
extensively used for domestic purposes, and especially for commu- 
nicating between offices, warehouses, &c. The advantage of this 
class of telegraph is, that those unaccustomed to its use can read 
the letters as they are successively indicated by the revolving 
pointer of the receiving apparatus ; and, after a very short experi- 
ence, can in like manner signal the letters with the sending keys. 
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From the nature of this form of instrument, and from a large 
number of currents required for each letter on an average, it is 
slower in operation than the needle, acoustic or recording tele- 
graphs. For the reason, combined with the difficulty of working it 
on any circuit of considerable length, the step-by-step indicating 
telegraphs have been pretty much restricted to the applications al- 
ready mentioned. : 

“In 1858, Professor Wheatstone, patented a series of improve- 


Fig. 110.—Prot. Wheatstone’s Alphabetical Telegraph Sending Apparatus. 
ments upon the alphabetical instrument introduced by himself and 
Mr. Cooke in 1840. The object of the new apparatus was to attain 
greater steadiness, certainty and rapidity than had been previously 
obtained where an index hand was moved rapidly, step by step, 
round an alphabetical dial; he embodied his ideas in a simple and 
yet portable form of instrument, which for many advantages it pos- 
sesses has been very generally adapted for short lines where it is 
desirable to dispense with skilled telegraph clerks. 

*The currents used to work this apparatus are magneto-electric, 
evolved from permanent magnets; and thus the expense and trouble 
connected with the use of voltaic batteries in such an arrangement 
are avoided. 
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_ “The arrangement of this apparatus is shown in Figs. 100, 110, 
111 and 112. 

“Fig. 110 is a vertical view of the outside of the sending appa- 
ratus, showing the small finger studs A A (thirty in number), which, 
when pressed down, allow such a succession of currents to pass to 
the distant station, as wil] move round the indicator on the receiv- 
ing dial to the corresponding letter. 

Tig. 111 is a section (side view) of the sending apparatus. The 
handle z is used to turn a pair of electro-magnetic coils (s) by an 
endless band, rapidly above the poles of a permanent steel magnet 
a. A succession of magnetic currents are thus sent, and as long as 
the handle is turned and the small finger studs unmoved, the indi- 
cators of the receiving dials move on step by step. On one of the 


Fig. 111.—Prot, Wheatstone’s Alphabetical Telegraph Sending Apparat:s (Section). 


studs A, being depressed to the stop B, the movement of the arm g 
is arrested as soon as it comes round to the lower end G of the 


finger-key, and the circuit is broken; no further effect being then 
produced on the indicating instruments, its pointer indicates the 
letter upon the dial to which attention is directed by the pause. 
An arrangement is made by which, when a stud is depressed, it re- 
mains down until another is pressed, upon which the first is me- 
canny returned to its former position. 

“ Figs. 109 and 112 show the indicating apparatus and alarum. 
The index pointer is moved round by a pallet wheel acted upon by 
the alternate attraction and repulsion of two magnetic needles 1 A 


Fig. 118.—Prof. Wheatstone’s Alphabetical Instrument—Indicating Apparatus (Section). 
fixed upon an axis g by the currents passed from the sending appa- 


ratus through the electro-magnets in the receiving instruments. 
“6 ed e form the bearings, and A i j is an external regulator.” 
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(No 88) Defendants’ Exhibit, American Association 
on Reis. 


J. A. W., Sp. Ex’r. 
[Introduced in Record, p. 10.] 


Proceedi gs American Association for the Advancement of Science. 
Meeting at Salem, August, 1869. 


In the list of papers read is the following : 
“ On the audible transmission of musical melodies by means of 
the electric telegraph. By P. H. Van der Weyde.” 


(Article not printed in the proceedings.) 


EXTRACT FROM “‘ TELEGRAPHIC JOURNAL AND ELECTRIC REVIEW.” 123 


(Mo. 39) Defendants’ Exhibit, Extract from “The 
Journal and Electric Review,” 
Vol. 3, No. 69, December 15, 1875, pp. 386-388. 


J. A. W., Sp. Ex’r. 
[Introduced in Record, p. 10.] 


TRANSMITTING MUSICAL TONES BY ELECTRICITY. BY ELISHA GRAY, 
OF CHICAGO. 

This is a method of producing musical tones of any desired 

pitch at any point in an electrical circuit, and consists in transmitting 


o fmm 0 
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Fig. 1. 
a series of impulses of induced electricity of high tension, corre- 
sponding in number to the number of audible vibrations constituting 
the said musical tone, through living tissue in contact with any re- 
sonant substance or through a coil surrounding a bar of iron or the 
core of an electro-magnet, the succession of currents being pro- 
duced by an induction coil or other aparatus for inducing a second- 
ary current, and being caused by the action of any suitable circuit 
interrupter situated in a primary circuit (taken from the specifica- 
tion). 

And in order that the said invention may be fully understood, I 
shall now proceed more particularly to describe the same, and for 
that purpose shall refer to the several figures, the same letters of 
reference indicating corresponding parts in all the figures. 

Figure 1 of the drawings represents one form or plan of an 
electrical apparatus in which these improvements are embraced ; 
Fig. 2 is a front elevation of the same, and Fig. 3 is a diagram 
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showing an arrangement of parts and circuits which may be em- 
ployed in connection with these improvements. 

A represents the base or frame of the apparatus ; B is an induc- 
tion coil of the usual form, provided with the usual primary and 
secondary helices; C is an ordinary vibrating electrotome which, 
when in action, produces a musical tone by the vibration of its 
armature and circuit-breaking spring a of a pitch determined by its 
weight of vibration, which rate is dependent upon the length, stiff- 
ness and adjustment of the spring attached to the armature of the 
electrotome; C’ is another electrotome similar to the first, with the 
exception that its spring a’ is so adjusted that it produces, when in 
action, a musical tone of a different pitch from that t produced by 
the electrotome O, owing to the different rate of vibration of its 
circuit-breaking spring . Other electrotomes may be provided, 
having their vibrating springs so constructed and adjusted that 
when in action the series will produce tones extending through one 
or more octaves. These electrotomes are situated in the primary 
circuit of the induction coil B, and when the said primary circuit is 
broken by the vibration of the circuit-breaking springs, secondary 
currents are induced in the secondary circuit of the said coil. 

D, D’ are telegraphic keys of the usual form placed in the 
primary circuit above referred to, which circuit is divided so that it 
passes through both keys and both electrotomes. The keys are 
used for making connection with the battery. 

Figures 3 and 4 show the arrangements of the circuits; G be- 
ing the secondary circuit, extending from the induction coil B to 
the receiving station; F the battery, and H the primary circuit from 
the battery through the keys; D, D’, magnets of the electrotomes 
C, C, and the primary circuit of the induction coil B. E represents 
a suitable resonant substance at the receiving station, and consists 
of a hollow cylinder of metal. 

The method of operation of the apparatus is as follows: On de- 
pressing either of the keys D, D’, the primary circuit from the bat- 

tery F will be closed through one of the electrotomes, and the 
spring or circuit interrupter of the latter will immediately commence 
to vibrate, producing a musical tone of a certain pitch, dependent, 
as before stated, on the size and adjustment of the spring, and in- 
terrupting the primary circuit of the induction coil B; these inter- 
ruptions will induce secondary currents in the secondary circuit of 
the said coil, which will correspond in number with the vibrations 


of the circuit interrupted, and the number of musical audible vibra- 
tions constituting the tones produced. Thus, for example, if the 
circuit-interrupting spring vibrates one hundred and twenty-eight 
times per second, the tone produced is that known as the “funda- 
mental O,“ and at the same time one hundred and twenty-eight 
terminal induced currents will be generated in the secondary cir- 


If now a person places himself in the said secondary circuit and 
brings his hand or any other part of his body in contact with any reso- 
nant substance, which is a conductor of electricity, so that the circuit 
is completed through it, the said resonant substance being either the 
metallic cylinder shown at E, or a plate of metal stretched above 
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the body of a violin by metallic strings, or a sheet of foil paper 
stretched over a metallic ring, or any other suitable resonant sub- 
stance, the impulses of electricity transmitted through the living 
tissue of the operator will, from some cause not yet fully under- 
stood, produce a corresponding number of vibrations in said reso- 
nant substance and a musical tone will be given forth of a quality 
dependent upon the character of the resonant substance, but of the 
same pitch as that produced by the vibration of the circuit inter- 
rupter at the transmitting end. 

Instead of interrupting the primary circuit by vibrating automa- 
tic electrotomes, and thereby inducing the secondary current of 
high tension which is transmitted to the resonant receiver, the 
necessary interruptions for this purpose may be effected by any 
mechanical device which will produce a sufficient number of inter- 
ruptions per second to cause a musical tone. 

The secondary coil may be dispensed with, and the secondary 
currents induced in the primary coil, when the primary circuit is 
interrupted, may be transmitted to the receiver for the purpose of 
producing the audible vibrations. 

Another form of the apparatus is constructed as follows: The 
transmission of sound is effected, as in the apparatus above de- 
scribed, by the conversion of electrical impulses of high tension 
through a secondary circuit into, audible vibrations, but the appa- 
ratus is based upon the principle that an electrical current, travers- 
ing a coil surrounding a bar of iron or a coil of an electro-magnet, 
causes a slight elongation of the said bar or core, which elonga- 
tions, if they succeed each other with sufficient rapidity, will result 
in a vibration of the bar and the production of a musical tone. 
This apparatus is shown at Fig. 4, the transmitting apparatus being 
the same as in the apparatus before described, but the receiving 
apparatus, as shown at E, consists of an electro-magnet placed in 
the secondary circuit. S represents a hollow cylinder of metal, 


which is placed upon the poles of the electro-magnet and intensi- 
fies the sound. 

The uses to which the apparatus may be applied are various. 
In telegraphing, for example, instead of transmitting messages by 


means of the Morse alphabet, now in general use, tones of dif- 
ferent pitch corresponding to the letters may be employed, which 
tones can be produced more rapidly than printed or impressed 
dashes can be made, and there duration would be shorter than 
the intermission now required for producing dashes and dots in 
succession. 

A very slight interval would be necessary between the tones to 
indicate the separation, and, as dashes would be indicated by one 
tone and dots by another, all signals would have the same length. 
Instead of using one tone for dashes and another for dots, signals 
could be devised consisting of tones of various combinations. 
These signals can soon be readily learned and read by any operator 
capable of distinguishing tones of different pitch, who, by placing 
his ear in contact with the resonant substance, would cause the 
tones to be psoduced, and still have both hands free to receive the 
message. By means of a type-writer an operator could record 
eighty words a minute. 

The amount of current which is necessary to produce the effect 
is almost unappreciable. Less than one-hundredth part of the 
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battery power now required enables audible signals to be trans- 
mitted over long lines. The apparatus can, therefore, be employed 
with advantage on submarine lines, and the rate of transmission 
over them can be thereby much increased. 

As a telegraph apparatus, it is simple, economical and rapid in 
its operation. 

The apparatus may also be employed to transmit tunes from 
one place to another; the vibrating pieces being properly pitched 
and sufficient in number, even the different parts of a musical com- 
position, each simultaneously played in different places, may be 
transmitted to the same place, so that the whole will be there audi- 
ble. In the latter case a separate circuit and transmitting and re- 
ceiving apparatus will be required for each part of the musical com- 
position, and it will be necessary to beat time by telegraph for each 
set of performances. 
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(Wo. 40.) Defendants’ Exhibit, Edison Relay-Magnet 
Patent. 
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(Introduced in Record, p. 10.] 


THOMAS A. EDISON, OF NEWARK, NEW JERSEY, ASSIGNOR TO HIM- 
SELF AND GEORGE HARRINGTON, OF WASHINGTON, DISTRICT OF 
COLUMBIA. 


IMPROVEMENT IN RELAY-MAGNETS. 


Specification forming part of Letters Patent No. 141,777, dated 
August 12, 1873; application filed March 13, 1873. 


To all whom it may concern: 


Be it known that I, Thomas A. Edison, of Newark, County 
of Essex and State of New Jersey, have invented an inprovement 
in telegraphic instruments, of which the following is a specification : 

Relay-magnets are employed to a large extent in various tele- 
graphic operations. It is, however, found that the adjustment of 
the springs that draw back the armature and the burning of the 


contact points by the spark are sources of constant annoyance. 

My present invention is made for preventing the points burning 
out, and for avoiding adjustment of the retractile armature springs. 

I make use of metallic contact points within a liquid, such as 
glycerine or water, so that the motion of one contact point nearer 
to or farther from the other raises and lowers the electric tension in 
the telegraph line, and operates a distant magnet without form- 
ing a spark or breaking the circuit. 

In the drawing, figure 1 is a side view of the relay-magnet with 
the circuit cup in section, and figure 2 is a side view of the distant 
magnet. 

The finger key a, is in a circuitfrom the battery ö; so also are 
the coils of the relay-magnet c. The armature d and its lever F are 
moved by the spring 3 in one direction, and by the magnet c in the 
other. The circuit cup gis made to contain water, glycerine or 
other suitable liquid. In the bottom is the screw or point i, con- 
nected with the circuit wire E, and the movable point or screw /, 
passing through the lever F is connected with the other circuit wire 


m, extending to the distant magnet n (the battery r is in the circuit 
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to the magnet n), and it will now be understood, that by adjusting 
the point / nearer to or farther from i the proportion of current 
passing to the magnet n can be adjusted so that, when the point / 
is moved by the magnet c nearest to i, the current from r will be suf- 
ficiently powerful to energize the magnet n and draw down its 
armature u,; but when the circuit to the magnet c is broken at the 
key a, or otherwise, the moving of the point / away from d will les- 
sen the tension in the circuit £ m by the resistance of the interven- 
ing liquid, and weaken the power of the electro-magnet n, so that 
its spring or weight will draw away its armature. 

The movement of the armature u may be made operative in ef- 
fecting any desired telegraphic operation to which it is adapted. I, 
however, employ the same especially as a sounder, and in that case 
the battery r and circuit & m are local. 

I am aware that contact points within a liquid, such as oil or 
glycerine, have been employed in the circuit breaker of an electric 
engine. In my improvement the circuit is not broken, but the 
relay-magnet or sounder is operated by rise and fall of tension, 
and the contact points are adjustable, instead of varying the arma- 
ture spring of the magnet. 

I claim as my invention: 

The adjustable contact-points, acting within a liquid, in combi- 
nation with a helix, armature, and spring of a sounder or relay, as 
set forth. 

Signed by me this 7th day of March, A. D. 1873. | 

Tuomas A. Epison. 
Witnesses : 
Geo. T. Peru, 
Cas. H. Surrn. 


7. A. EBISOR. 
Belay Bageets. 
Ne. 141,772. Patented August 12, 1873. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR OF ONE-HALF HIS 
RIGHT TO SAMUEL 8. WHITE, OF PHILADELPHIA, PENNSYLVANIA. 


IMPROVEMENT IN ELEcrric TELEGRAPHS FOR TRANSMITTING MusICcAL 
TONES. 


Specification forming part of Letters Patent No. 166,096, dated 
July 27, 1875; Application filed January 19, 1875. 


Case 1. 


To all whom it may concern 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illionis, have invented a new and useful Art of 
Transmitting Musical Impressions or Sounds Telegraphically, as 


well as certain new and useful Improvements on Apparatus for so 
Transmitting such Impressions or Sounds, of which Art and Ap- 
paratus, I hereby declare the following to be a full, clear, and exact 
description. 

My invention relates to a novel art of transmitting musical im- 
pressions or sounds telegraphically, which impressions or sounds 
may be utilized as signals for the transmission of intelligence. 

My invention is based upon the well-known law of acoustics that 
bodies vibrating with different rapidity produce tones of dif- 
ferent pitch, and upon my own discovery that such vibrations can 
be transmitted through a telegraphic circuit and reproduced in a 
musical tone or note of a pitch corresponding with that originally 
transmitted by including in the circuit animal tissue or other equiva- 
lent substance, which will cause a slight resistance to the electrical 
current, at the point of contact between such animal tissue and 
some resonant conductor of electricity. 

My improvement consists in a new and useful art of producing 
musicial impressions or sounds at the transmitting end of a tele- 
graphic circuit, by causing interruptions in the electric currents of 
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sufficient frequency to produce musical tones, transmitting said 

tones through an electric circuit composed in part of animal tissue, 
and reproducing them at the receiving end of the line, by means 
of a resonant body which is also a conductor of electricity. 

My improvement further consists in a new and useful apparatus 
for carrying out the objects of my invention, which apparatus con- 
sists of the combination of a telegraphic circuit composed in part 
of animal tissue, a circuit-breaker capable of producing a musical 
tone, and a receiver capable of reproducing that tone at the receiv- 
ing end of the circuit. 

My improvement further consists of the combination, in an ap- 
paratus such as described, of a series of circuit-breakers capable of 
producing musical tones of different pitch, and a series of keys for 
simultaneously or successively throwing the circuit-breakers into or 
out of operation, whereby several tones simultaneously or succes- 
sively may be transmitted through a single wire. | 

The subject: matter claimed will hereinafter specificially be 
designated. 

In the accompanying drawings, Figure 1 represents a plan or 
top view of a portion of the transmitting apparatus. Figure 2 is a 
front elevation of the same, and Figure 3 a diagram, showing an ar- 
rangement of parts, and circuits which advantageously may be em- 
ployed in working my invention. 

The transmitting apparatus is mounted, as usual, upon a base 
board, A. An induction-coil B’ is provided with primary and 
secondary helices of the usual construction. A common vibrating 
electrome, C, having its circuit breaking spring a of such length, 
thickness, and adjustment that its vibration produces a musical tone 
of a certain pitch, forms part of the circuit. 

It is obvious that the apparatus may be worked with a single 
electrome, the pitch of which may be varied by adjustment; but 
where a series of tones of different pitch is desired, I prefer to em- 
ploy a series of electrotomes having different rates of vibration. 

Two electrotomes, C C, of identical construction, but differing in 
pitch, ase shown in the drawings; but I propose, under some cir- 
cumstances, to use a series of electrotomes which will give tones 
extending through one or more octaves. These electrotomes are, by 
preference, placed in the primary circuit of the induction-coil, and, 
when in operation, induce secondary currents or impulses in the sec- 
ondary circuit of said coil, equal in number to the vibrations of the 
circuit-breaking spring of the electrotome. 0 
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An ordinary telegraph-key situated in the primary circuit, opens 
or closes the connections of the battery. Each electrotome must 
have a corresponding key. In the drawings, two keys, D D’, are 
shown, both of which, as well as the electrotomes, are situated in 
the primary circuit, which is divided or branched in order to pass 
through them. 

Figure 3 shows the arrangement of the circuits. The primary 
circujt F, connected with the battery E, passes through the keys D 
D’, the magnets of the electrotomes, and the primary circuit of the 
induction-coil B. One terminal of the secondary circuit G, extends 
from the induction-coil to the receiving station through animal tis- 
sue to a suitable resonant conductor of electricity, which, is, in this 
case, a hollow metallic cylinder, H, which is connected with the 
ground. The other terminal, I, of the induction-coil passes directly 
to the ground in the ordinary way. 

The animal tissue interposed between the wire, and the resound- 
ing receiver to complete the circuit, is shown in the drawings as con- 
sisting of the body of the receiving operator, who must be insulated 
from the ground ; but other substances may be employed, which 
must possess the specific characteristics of being conductors of elec- 
tricity, of being yielding and elastic, and of having a surface of greater 
electric resisting capacity than its interior. 

These characteristics are found in the skin of the human body, 
in leather moistened with acidulated water, in animal flesh covered 
with a membraneous coating, in bacon-rind, in pork skin, especially 
pieces taken from the ear or tail,in kid gloves, and in other sub- 
stances which need not be enumerated, as they do not operate so 
perfectly as those above given. 

The operation of the apparatus is as follows: The closing of 
either of the keys completes the primary circuit from the battery 
through the electrotome connected with the key depressed, and the 
circuit closing spring of said electrotome will immediately be thrown 
into rapid vibration, and a musical tone of a certain pitch depend- 
ent upon the length, thickness and adjustment of the spring will 
be given forth ; while, at each vibration, the current in the primary 
circuit of the induction apparatus will be interrupted. These inter- 
ruptions produce corresponding secondary currents or impulses in 
the secondary circuit of the induction apparatus, and these second- 
ary induced currents or impulses are transmitted to the receiving 
station. Thus, for example, if the circuit-breaking spring of the 
electrotome vibrates one hundred and twenty-eight times per 
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second, the tone given forth is that known as the “ fundamental C,” 
while one hundred and twenty-eight terminal secondary currents or 
impulses will be induced in the secondary circuit of the induction 
apparatus, and transmitted through the animal tissue above men- 
tioned, forming part of said circuit, to the resonant receiver, and 
will, from some cause not understood or explicable in the present 
stage of the art, vibrate the same synchronously with the transmit- 
ting electrotome, and thus give forth a musical tone of the same 
pitch. 

A metallic plate, stretched by metallic strings above a sounding- 
board—such, for instance, as the body of an ordinary violin—may 
be used with good effect to receive the vibrations, instead of the 
hollow cylinder above described. 

From the foregoing description it will be seen that musical tones 
produced at the transmitting stations can simultaneously be pro- 
duced at the receiving station, however distant. When two or more 
keys are simultaneously or successively depressed, corresponding 
tones will simultaneously be transmitted, thus producing harmony 
or melody. 

The interruptions in the primary circuit which cause the in- 
duced secondary currents or impulses may be produced by a me- 
chanical circuit-breaker having the requisite rapidity of motion, 
such as a revolving wheel or revolving brush ; or they may be pro- 
duced by providing the vibrating reed or reeds of an organ with 
contact points, so that, as the reed vibrates, it will transmit im- 
pulses corresponding in number per second to the number of vibra- 
tions per second of the notes sounded by the organ pipe. 

I prefer to use the impules of the induced secondary currents as 
the transmitting medium, as such use affords the most convenient 
way of obtaining electricity of high tension, which is that best 
adapted for penetrating a slightly resisting medium, such as the 
animal tissue hereinbefore mentioned. 

The secondary coil is not essential, as the secondary circuit in- 
duced in the primary coil may be utilized for transmitting the sig- 
nals. 

My improvement enables me to operate with a very slight 
amount of current, as the battery power required to produce and 
transmit the vibrations is less than one hundredth part of the 
battery power now required to transmit signals over long land lines. 

My improved method can advantageously be substituted for the 
Morse telegraph alphabet now in general use, as an alphabet can 
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be constructed on the principle of using tones of different pitch for 
the different letters, which will admit of great rapidity of transmis- 
sion. 

By means of my improved apparatus, not only may a tune be 
transmitted by a single operator to a distant point, but the different 
parts of such tune simultaneously may be reproduced at a common 
point from different places, a separate part of the tune being played 
at each place. 

The apparatus can also advantageously be employed in studying 
acoustics and the physical theory of music. 

The combination, with a main line, of an intermittent circuit- 
breaker, or a series thereof, each adapted to throw upon the line a 
definite number of electrical impulses per unit of time, aud a key or 
keys, one for and controlling each such circuit-breaker, are not 
broadly claimed herein, as they constitute a part of the subject mat- 
ter of another application for Letters Patent of the United States, 
filed by me February 23, 1875. 

I claim as my invention: 

1. The hereinbefore described art of transmitting musical im- 
pressions or sounds telegraphically by producing musical impres- 
sions or sounds at the transmitting end of a telegraphic circuit by 
causing interruptions in the electric currents of sufficient frequency 
to produce musical tones, transmitting said tones through an elec- 
tric current composed in part of animal tissue, and reproducing 
them at the receiving end of the line by means of a resonant body, 
which is also a conductor of electricity, substantially set forth. 

2. The electro-harmonic telegraph apparatus hereinbefore set 
forth, consisting of the combination of a telegraph circuit composed 
in part of animal tissue,a circuit breaker capable of producing a 
musical tone, and a resonant conductor of electricity capable of re- 
producing that tone at the receiving end of the circuit. 

3. The combination, substantially as hereinbefore set forth, of a 
telegraphic circuit composed in part of animal tissue, a resonant re- 
ceiver, which is also a conductor of electricity, a series of circuit 
breakers capable of producing musical tones of different pitch, and 
a corresponding series of keys for throwing the circuit breakers into 
or out of operation, whereby several tones simultaneously may be 
transmitted through a single wire. 

Eu Gray. 


Witnesses : 
Wu. J. Prrrox. 
E. C. Davipson. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS. 
IMPROVEMENT IN RECEIVERS FOR ELEcTRO-HaRMONIC TELEGRAPHS. 


Specification forming part of Letters Patent No. 166,094, dated 
July 27, 1875; application filed June 28, 1875. 


To all whom it may concern 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented a certain new and useful 
Improvement in Receivers for Electro-Harmonic Telegraphs, of 
which the following is specification : 

In a previous application for letters patent of the United States, 
filed February 23, 1875, for apparatus for transmitting musical vi- 


brations by electricity, I have shown and described an instrument 
for receiving musical tones, called an “analyzer,” composed of a 
series of vibrating instruments, each tuned to a different pitch, 
which receives from the transmitter those tones only which corre- 
spond to its own fundamental vibrations when executed by mechan- 
ical means. I have also shown in said application a method of 
making and breaking a local circuit, so as to fecord Morse or other 
signals in the ordinary way, the analyzer taking the place of the 
common Morse Relay, the interruptions in the vibrations or sig- 
nals being made at the sending end by a common telegraph key. 
The circuit interrupter described in my previous application above 
mentioned consisted of a light metal spring or lever fastened at one 
end to a post, while its free end rested upon the analyzing spring or 
vibrating reed, the contact point between the two being made of 
platinum, and the lever having a rate of vibration slower than that 
of the analyzing spring or reed which is actuated by electrical im- 
pulses from the transmitting end of the line, which sychronize with 
the natural or fundamental vibration of the analyzing spring at the 
receiving end, the tension or rate of vibration of the lever being 
made adjustable to a certain extent by a screw provided for that 
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purpose. The local circuit passes through the analyzing spring and 
its contact points to the metal lever, and thence to the instrument 
and local battery. When the analyzing spring or reed is thrown 
into vibration the metal lever, having a rate of vibration less than 
that of the analyzing spring, is not able to follow its vibrations and 
thus preserve a continuous contact, as would be the case if its rate 
of vibration were as great or greater than that of the analyzing 
spring; but is made to jar or rattle at the point of contact, and for 
all practical purposes it opens the local circuit and holds it open 
so long as the analyzing spring continues to vibrate. When the vi- 
bration ceases the points come to rest and the circuit is re-estab- 
lished, operating a magnet in the ordinary way. 

My present invention constitutes an improvement upon the re- 
ceiver shown in the application above mentioned, and consists in 
an improved device for operating the local circuit. 

In the accompanying drawings, which represent so much of my 
improved receiving apparatus as is necessary to illustrate the sub- 
ject-matter herein claimed, Fig. 1 is a plan or top view; Fig. 
2, a vertical transverse section there through on the line 
of Fig. 1. 

The battery wires are connected with binding posts or screws 
B B, C C, mounted, as usual, upon a baseboard, A. The receiving 
apparatus is mounted upon a triangular frame, D, of metal, suitably 
secured to this base by screws or other well-known means. An or- 
dinary electro-magnet, E,is mounted upon this frame, with its 
poles at right angles to, but in the same horizontal plane as the 
vibrating tension bar or analyzing spring F, provided with suitable 
tension devices for regulating the pitch of the tone produced by its 
vibrations. A light metal elbow-lever, or circuit interrupter, G, 
rocks on pivots g in an insulated post, H, mounted on the metal 
frame D. The free end of this lever is provided with a platina con- 
tact point, resting on a corresponding point on the vibrating bar F. 
The elbow-lever is designed to vibrate at a slower rate than the 
analyzer spring. This rate of vibration is regulated by a small 
spiral spring, i, one end of which is attached to the elbow-lever 
and the other is connected by a cord to a windlass, or pins, I, turn- 
ing in bearings in the post H. The main current enters the magnet 
through the wire M, and passes out through the wire M. The local 
current consists of the wires LL. 

In the operation the impulses transmitted through the main 
line throw the receiver or analyzing spring into vibration, and as 
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the elbow-lever G vibrates more slowly, the circuit is practically 
kept open until closed by the key, as hereinbefore explained. 

J claim: 

The combination, substantially as hereinbefore set forth, of the 
vibrating receiving spring, the elbow-lever, circuit interrupter and 
mechanism, substantially such as described, for adjusting the rate 
of vibration of said lever. 

In testimony whereof, I have hereunto subscribe my name. 

, En Gray. 


Witnesses : 
Wu. J. Perron. 
E. C. Dawson. 
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[Introduced in Record, p. 10.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS. 


ion forming part of Letters Patent No. 166,095, dated 
July 27, 1875 ; application filed January 19, 1875. 


To all whom ũ may concern : 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented a certain new and useful 
Apparatus for Transmitting Musical Impressions or Sounds Tele- 
graphically, of which I hereby declare the following to be a full, 


clear, and exact description : 
My invention relates to what I term an “ electro-harmonic tele- 


graph,” and is based upon the fact well known to electricians that 
an electro-magnet elongates under the action of the electric current, 
and contracts again when the current ceases. Consequently, a suc- 
cession of impulses or interruptions will cause the magnate to vi- 
brate, and if these vibrations be of sufficient frequency a musical 
tone will be produced, the pitch of which will depend upon the 
rapidity of the vibrations. 

I have discovered that by interrupting an electric current at the 
transmitting end of a line with sufficient frequency to produce a 
musical tone by an instrument vibrated by said interruptions, and 
transmitting the impulses thus induced to an electro-magnet at the 
receiving end of the line, the latter will vibrate synchronously with 
the transmitting instrument and thus produce a musical tone or 
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note of a corresponding pitch. The object of my invention is to 
utilize this discovery for the transmission of intelligible signals to a 
distance by electricity ; to which end my improvement consists in 
the combination of a telegraphic circuit, a series of circuit breakers 
capable of producing musical tones of different pitch, a series of 
keys for simultaneously or successively throwing said circuit-break- 
ers into or out of operation, and an electro-magnet receiver which is 
thrown into operation by the transmitter, whereby tones of different 
pitch may be reproduced at the receiving end of the line by the use 
of a single circuit. 

In the accompanying drawings, Figure 1 shows a plan view of the 
transmitting part of my improved apparatus, the receiver appear- 
ing in perspective. Fig. 2 is a view, in perspective, of the trans- 
mitter. 

The transmitting apparatus is mounted upon a base-board A, as 
usual. The induction coil B has the usual primary and secondary 
circuits. An ordinary automatic electrotome C has a circuit-closing 
spring c, so adjusted as, when in action, to produce a musical tone 
according to its length, thickness, and adjustment. A common tele- 
graph key, D, is placed in the primary circuit to make or break the 
battery connection. In the drawings I have shown two electrotomes 
of identical construction, but of different pitch, and two keys, both 
the keys and electrotomes being placed in the primary circuit, which 
is so divided that part of the circuit passes through each key and 
its corresponding electrotome. The number of electrotomes may 
be increased, so that tomes extending through two or more octaves 
may be produced. An ordinary electro-magnet is provided at the 
receiving end of the line. 

The operation of the apparatus is as follows: In the arrange- 
ment shown in the drawings when a key is closed the primary cir- 
cuit will pass from the battery H through that key and its corre- 
sponding electrotome, and will be automatically interrupted in the 
usual manner. The spring of the electrotome will thus be caused 
to vibrate rapidly and to produce a tone, the pitch of which is de- 
termined by the rate of vibration. It is obvious that several keys 
may be depressed simultaneously. These vibrations or interruptions 
of the current will simultaneously produce in the secondary circuit 
of the induction coil a series of induced currents or impulses cor- 
responding in number with the vibrations of the electrotome, and 
as the receiving electro-magnet is connected with this circuit it will 
be caused to vibrate, thus producing a tone of corresponding pitch, 
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the sound of which may be intensified by the use of a hollow cylin- 
der, 8, of metal, placed on the poles of the magnet. 

When a single electrotome is thrown into action, its correspond- 
ing tone will be reproduced on the sounder by the magnet. When 
electrotomes of different pitch are successively operated their tones 
will be correspondingly reproduced by the receiver, and when two 
or more electrotomes are simultaneously sounded, the tone of each 
will still be reproduced without confusion on the sounder, by which 
means I am enabled to reproduce melodies or tunes. 

Mechanical circuit breakers might be substituted for the auto- 
matic vibrating electrotome, hereinbefore described, and I have, in 
fact, used such mechanical circuit breakers of various construction, 
but I found the electrotome more satisfactory in practice. 

In this instance the receiver is shown and described as operated 
by the induced current of the secondary coil; but the secondary or 
extra current of a primary coil, may be used instead thereof with 
good effect. 

My apparatus is specially adapted to telegraphing on long land 
and submarine lines. By it letters and signals can be represented 
by tones differing in pitch; or the ordinary Morse signals can be 
made by short and long interruptions in a prolonged tone of the 
same pitch ; thus securing great rapidity of transmission. 

An application for Letters Patent of the United States, filed by 
me April 18, 1874, shows an apparatus somewhat similar to the one 
herein described, for transmitting musical tones through animal tis- 
sue to a resonant electrical receiver. I do not, therefore, claim 
herein anything therein shown. Neither do I claim herein the com- 
bination, with the main line, of an intermittent circuit-breaker, or 
a series thereof, each adapted to throw upon the line a definite 
number of electrical impulses per unit of time, and a key or keys, 
one for and controlling each such circuit-breaker, as it constitutes 
the subject matter of another application filed by me February 23, 
1875. The combination of a telegraphic circuit and automatic cir- 
cuit-breaker capable of producing a musical tone, and an electro- 
magnet receiver which produces the tone by being thrown into vi- 
bration by impulses generated by the circuit-breaker is not broadly 
claimed herein, as this combination constitutes a part of the subject 
matter of said application, also 

I claim as my own invention— 

The combination of a telegraphic circuit, a series of circuit- 
breakers capable of producing musical tones of different pitch, a 
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series of keys for simultaneously or successively throwing said cir- 
cuit-breakers into or out of operation, and an electro-magnet 
receiver, which is thrown into operation by the transmitters, where- 
by tones of different pitch may be reproduced at the receiving end 
of the line by the employment of a single circuit. : 


Hmm Gray. 
Witnesses : 
E. C. Davipson, 
WX. J. Prrron. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY, OF NEW 


YORK CITY. 


IMPROVEMENT IN ArT oF TRANSMITTING Musical Imi on OR 
Sounps TELEGRAPHICALLY. 


Specification forming part of Letters Patent. No. 166,095, dated 
July 27, 1875 : re-issue No. 8,558, dated January 28, 1879; 
application filed May 7, 1878. 


Division A. 


To all whom it may concern : 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented certain new and useful 
improvements in the art of transmitting musical impressions or 
sounds telegraphically, of which improvements I hereby declare the 
following to be a full, clear, and exact 

My invention relates to what I term an “ Electro Harmonic Tele- 
graph,” and is based upon the fact, well known to electricians, that 
an electro-magnet elongates under the action of an electric current, 
and contracts again when the current ceases; consequently a suc- 
cession of impulses or interruptions will cause the magnet to vibrate, 
and if these vibrations be of sufficient frequency a musical tone will 
be produced, the pitch of which will depend upon the rapidity of 
the vibrations. 

My improvements are based upon the discovery above men- 
tioned. 

The subject-matter claimed will hereinafter specifically be des- 


In the accompanying drawings Fig. 1 represents an arrangement 
upon circuit of apparatus which I use for the objects carrying out 
of my invention, the transmitting part of the apparatus, being shown 
in plan, and the receiver in perspective. Fig. 2 represents a view 
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in elevation of the transmitting apparatus. Fig. 3, an end view 
thereof, and Fig. 4, a detailed view of one of the rheotomes. 

In the apparatus shown I make use of induced currents from 
either a primary or secondary coil for affecting the vibrating bar or 
core of an electro-magnet, and cause the necessary succession of 
said currents by interruption in the primary circuit made by an au- 
tomatic or mechanical circuit-breaker. 

The transmitting apparatus is mounted upon a suitable frame or 
base, A. An ordinary induction coil, B, has the usual primary and 
secondary circuits a 6. Automatic vibrating electrotomes C C, of 
the usual construction, have their vibrating circuit-closing springs 
C so adjusted that when in action they produce musical tones which, 
from the difference in adjustment and the length and thickness 
of the springs, are of different pitch. A common telegraph key, D, 
is placed in the primary circuit to make or break the battery-con- 
nections. 

In the drawings I have shown two electrotomes of identical con- 
struction, but of different pitch and two keys. Both the keys and 
electrotomes are in the primary circuit, which is so divided that 
part of the circuit passes through each key and its corresponding 
electrotome. The number of electrotomes may be increased, so that 
tones extending through two or more octaves may be produced. 

At the receiving-station an electro-magnet, E, or a coil of wire 
surrounding a bar of iron, is placed in circuit. A hollow box, drum, 
cylinder, or resonator, S, of metal, is placed on the poles of the mag- 
net. This resonator, it will be observed, is composed of a circum- 
ferential band, having two end walls, disks or diaphragms, one of 
which rests upon the magnets, constituting an armature therefor, 
and vibrating in unison therewith, while the other is perforated with 
S-shaped openings, something like the sounding-board of a violin, 
thus constituting what I call a “common-receiver ”"—that is, one 
capable of responding to or reproducing all kinds of tones. 

The operation of the apparatus is as follows: Under the ar- 
rangement shown in the drawings when the key is closed the pri- 
mary circuit will pass from the battery, M B, through the wires a, the 
key, and its corresponding electrotome, and will be automatically 
interrupted in the usual manner. The spring of the electrotome 
will thus be caused to vibrate rapidly and to produce a tone, the 
pitch of which is determined by the rate of vibration. 

It is obvious that several keys may be closed or depressed si- 
multaneously. 
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The rhythmical impulses, vibrations, or interruptions of the cur- 
rent representing the tones will simultaneously produce in a sec- 
ondary circuit 5, of the induction coil, a series of induced currents, 
impulses or vibrations, corresponding in number with the vibrations 
of the electrotomes, and as the receiving electro-magnets, E, is con- 
nected with this current it will be caused ‘o vibrate correspondingly, 
thus producing a tone or tones of corresp. ding pitch with those re- 
ceived from the transmitting apparatus. 

These tones are audibly reproduced and their sound intensified 
by the use of the hollow box, cylinder, sound intensifying chamber, 
or resonator, S, above mentioned. 

The circuit may obviously be extended to any distance desired 
from the transmitting station. 

When a single electrotome is thrown into vibration its corre- 
sponding tone will be reproduced on the sounder or resonator, 8, by 
the magnet. When electrotomes of different pitch are successfully 
operated, their tones will be correspondingly reproduced by the re- 
ceiver or resonator; and when two or more electrotomes are simul- 
taneously sounded the tone of each will still be reproduced without 
confusion on the sounder or resonator, by which means I am enabled 
to reproduce composite tones, melodies, or tunes. 

Mechanical circuit-breakers may be substituted for the auto- 
matically vibrating electrotomes hereinbefore described. I have, in 
fact, used such mechanical circuit-breakers of various construc- 
tion; but I have found the electrotome more satisfactory in prac- 
tice. 

In this instance the receiver is shown and described as operated 
by the induced current of the secondary coil; but the secondary or 
extra current of the primary coil may be used instead thereof with 
good effect. 

The above described apparatus is especially adapted to telegraph 
on long land and submarine lines. By it letters and signals can be 
represented by tones differing in pitch; or the ordinary Morse sig- 
nals can be made by short and long interruptions in the prolonged 
tone of the same pitch, thus insuring great rapidity of trans- 
mission. 

Tdo not claim herein the apparatus itself, as that forms the sub- 
ject-matter of another division of this application filed simultane- 
ously herewith. 

Letters Patent of the United States No. 166,096, granted to me 
July 27, 1875, on an application originally filed April 18, 1874, show 
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an apparatus somewhat similar to the one herein described for 
transmitting musical tones through an electric circuit composed in 
part of animal tissue, and a resonant metallic receiver, but without 
the intervention of a magnet. I do not, therefore, claim herein 
anything shown in said patent. Neither do I claim herein the com- 
bination, with a main line, of an intermittent circuit-breaker, or a 
series thereof, each adapted to throw upon the line a definite num- 
ber of electrical impulses per unit of time, and a key or keys, one 
for and controlling each of said circuit-breakers, as such combina- 
tion constitutes the subject matter of another application for Let- 
ters Patent of the United States, filed by me February 23, 1875. 

The combination of a telegraphic circuit, an automatic circuit- 
breaker capable of producing a musical tone, and an electro-magnet 
geceiver for reproducing the tone by being thrown into vibrations 
By impulses generated by the circuit-breaker is not broadly claimed 
herein, as this combination constitutes a part of the subject matter 
of my said application also; but neither of the said applications 
above mentioned show a disk or diaphragm of metal, or a sound- 
‘intensifying chamber or resonator in combination with a magnet. 

I claim as of my own invention : 

1. The hereinbefore described novel art, method or system of 
audibly and simultaneously reproducing upon the metal disk or 
diaphragm of the receiver (through the intervention of the electro- 
magnet included in the electric circuit), two or more series of rhyth- 
mical impulses or vibrations representing musical impressions, or 
sounds, or composite tones. 

2. The hereinbefore described novel art, method, or system of 
intensifying in the resonator composite tones produced by the con- 
joint operation of the electro-magnet included in the electric circuit, 
and the disk or diaphragm of metal vibrating in unison therewith. 

3. The hereinbefore described novel art, method or system of 
simultaneously transmitting two or more series of rhythmical im- 
pulses or vibrations representing composite tones through the elec- 
tric circuit, and reproducing them through the intervention of the 
magnet, and the disk or diaphragm of metal vibrating in unison 
therewith at the receiving end of the line. 

4. The hereinbefore described novel art, method or system of 
simultaneously reproducing in the electric circuit two or more ser- 
ies of rhythmical impulses or vibrations representing musical im- 
pressions or sound, or composite tones by the conjoint operation 
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of the disk or diaphragm of metal, vibrated in unison with the 
electro magnet by induced currents of 
In testimony whereof, I have hereunto subscribed my 
name. 
Hin Gray. 
Witnesses : 
A. G. Swarrtwovor, 
D. M. Exsxnve, Jr. 
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(No. 43b.) “Defendants’ Exhibit, Magnet-Recciver 
Re-issue. Apparatus Division.” 


J. A. W., Ex’r. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY, OF NEW 
YORK CITY. 


IMPROVEMENT IN APPARATUS FOR TRANSMITTING Musical ISO 
orn Sounps TELEGRAPHICALLY. 


Specification forming part of Letters Patent No. 166,095, dated July 
27, 1875; Re-issue No. 8559, dated — 28, 1879; applica- 
tion filed May 7, 1878. 0 


Drvision B. 
To all whom t may concern: 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
apparatus for transmitting musical impressions or sounds tele- 
graphically, of which I hereby declare the following to be a full, 
clear and exact description. 

My invention relates to what I term an “electro-harmonic tele- 
graph,” and is based upon the fact, well known to electricians, that 
an electro-magnet elongated under the action of an electric current 
and contracts again when the current ceases; consequently a suc- 
cession of impulses or interruptions will cause the magnet to vibrate, 
and if these vibrations be of sufficient frequency a musical tone will 
be produced, the pitch of which will depend upon the rapidity of 
the vibrations. 

The object of my present invention is to utilize this discovery 
for the transmission of intelligible signals to a distance by elec- 
tricity, which ends I attain, first, by employing a diaphragm or disk 
of metal (capable of responding to all kinds of tones), vibrating 
in unison with an electro-magnet included in an electric circuit, to 
reproduce audibly rhythmical impulses or vibrations representing 
musical impressions or sounds, or tones transmitted through said 
circuit ; second, by employing a sound-intensifying chamber or ro- 
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sonator, having a disk or diaphragm responsive to rhythmical im- 
pulses or vibrations representing musical impressions or sounds, 
whereby said rhythmical impulses or vibrations are intensified and 
rendered audible ; third, by combining an electric circuit, a sound- 
intensifying chamber or resonator, and a metal disk or diaphragm, 
acted upon through the intervention of an electro-magnet included 
in the circuit, to intensify and render audible rhythmical impulses 
or vibrations representing musical impressions or sounds produced 
in said magnet ; fourth, by employing induced currents to repro- 
duce upon a disk or diaphragm of metal (through the intervention 
of a magnet) rhythmical vibrations representing musical impres- 
sions or sounds ; fifth, by employing a transmitter consisting of a 
coil or helix inducing rhythmical electric impulses or vibrations in 
an electric circuit without interrupting its continuity, and a re- 
ceiver consisting of an electro-magnet having a metal disk or dia- 
phragm for its armature ; sixth, by combining a telegraphic circuit, 
a series of circuit-breakers cavable of reproducing musical notes of 
different pitch, a series of keys for throwing said circuit-breakers 
into or out of operation, and an electro-magnet receiver vibrated by 
the transmitters. 

In the accompanying drawings, Figure 1 represents an arrange- 
ment upon circuit of apparatus which I use for carrying out the 

objects of my invention, the transmitting part of the apparatus be- 
ing shown in plan and the receiver in perspective; and Fig. 2 rep- 
resents a view in elevation of the transmitting apparatus; Fig. 3, 
an end view thereof, and Fig. 4 a detailed view of one of the rhoo- 
tomes. 

In the apparatus shown I make use of induced currents from 
either a primary or secondary coil for affecting the vibrating bar or 
core of an electro-magnet, and cause the necessary succession of 
said currents by interruption in the primary circuit made by an 
automatic or mechanical circuit-breaker. 

The transmitting apparatus is mounted upon a suitable frame 
or base, A. An ordinary induction coil B has the usual pri 
and secondary circuits ab. Automatic vibrating electrotomes C Oi, 
of the usual construction, have their vibrating circuit-closing springs 
e so adjusted that when in action they produce musical tones, which, 
—ͤ — and the length and thickness of 

the springs, are of different pitch. A common telegraph key D, is 
placed in the primary circuit, to make or break the battery connec- 
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In the drawings I have shown two electrotomes of identical con-. 
struction, but of different pitch, and two keys. Both the keys and 
electrotomes are in the primary circuit, which is so divided that 
part of the circuit passes through each key and its corresponding 
electrotome. The number of electrotomes may be increased so that 
tones extending through two or more octaves may be produced. 

At the receiving station an electro-magnet E is placed in circuit. 
A hollow box, drum, cylinder or resonator 8, of metal, is placed on 
the poles of the magnet. This resonator, will be observed, is com- 
posed of a circumferential band, having two end walls, disks or dia- 
phragms, one of which rests upon the magnets, constituting an 
armature therefor, and vibrating in unison therewith, while the 
other is perforated with S-shaped openings somewhat like the 
sounding board of a violin, thus constituting what I call a com- 
mon receiver — that is, one capable of responding to or reproduc- 
ing tones of all kinds. 

The operation of the apparatus is as follows: Under the arrange- 
ment shown in the drawings, when a key is closed, the primary cir- 
cuit will pass from the battery M B, through the wires a, the key 
and its corresponding electrotome, and will be automatically inter- 
rupted in the usual manner. The spring of the electrotome will 
be caused to vibrate rapidily and to produce a tone the pitch of 
which is determined by the rate of vibration. It is obvious that 
several keys may be closed or depressed simultaneously. The 
rhythmical impulses, vibrations or interruptions of the current rep- 
resenting the tones will simultaneously produce in the secondary 
circuit 5 of the induction coil, a series of induced currents, im- 
pulses or vibrations, corresponding in number with the vibrations of 
the electrotome ; and, as the receiving electro-magnet E is con- 
nected with this curcuit, it will be caused to vibrate correspond- 
ingly, thus producing a tone or tones of corresponding pitch with 
those received from the transmitting apparatus. These tones are 
audibly reproduced and their sound intensified by the use of the 
hollow box, cylinder, sound intensifying chamber or resonator 
above mentioned. The circuit may obviously be extended to any 
distance desired from the transmitting station. 

When a single electrotome is thrown into vibration, its corre- 
sponding tone will be reproduced on the sounder or resonator S by 
the magnet. When electrotomes of different pitch are successively 
operated their tones will be correspondingly reproduced by the re- 
ceiver, and when two or more electrotomes are simultaneously 
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sounded the tone of each will still be reproduced without confusion 
in the sounder or resonator 8, by which means I am enabled to re- 
produce composite tones, melodies or tunes. 

Mechanical circuit-breakers may be substituted for the automat- 
ically vibrating electrotomes hereinbefore described. I have, in 
fact, used such mechanical circuit-breakers of various construction, 
but I have found the electrotome more satisfactory in practice. In 
this instance the receiver is shown and described as operated by the 
induced current of the secondary coil, but the secondary or extra 
current of the primary coil may be used instead thereof with good 
effect. 

The above described apparatus is especially adapted to telegraph 
on long land and submarine lines. By it letters and signals can be 
represented by tones differing in pitch; or the ordinary Morse 
signals can be made by short and long interruptions in a prolofiged 
tone of the same pitch thus insuring great rapidity of transmission. 

I do not broadly claim herein an art, method, or system of 
transmitting musical impressions or sounds telegraphically, as that 
constitutes the subject-matter of another division of this application 
filed herewith. 

Letters Patent of the United States No. 166,096, granted to me 
July 27, 1875 (on an application originally filed April 18, 1874), 
show an apparatus somewhat similar to the one herein described, 
for transmitting musical tones through an electric circuit composed, 
in part, of animal issue and a resonant metallic receiver, but without 
the intervention of a magnet. I do not, therefore, claim herein any- 
thing shown in said application. Neither do I claim herein the 
combination, with a main line, of an intermittent circuit-breaker or 
a series thereof, each adapted to throw upon the line a definite 
number of electrical impulses per unit of time, and a key or keys, 
one for, and controlling each of, said circuit-breakers, as such com- 
bination constitutes the subject-matter of another application for 
letters patent of the’ United States, filed by me February 23, 1875. 

The combination of a telegraph circuit, an automatic circuit- 
breaker capable of producing a musical tone, and an electro-magnet 
receiver for reproducing the tone by being thrown into vibrations 
by impulses generated by the circuit-breaker is not broadly claimed 
herein, as this combination constitutes a part of the subject-matter 
of my said application also. 

But neither of the said applications above mentioned shows a 
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diaphragm or a sound intensifying chamber or resonator in com- 
bination with a magnet. 

I claim as of my own invention : 

1. The diaphragm or disk of metal, capable of responding to all 
kinds of tones, vibrating in unison with the electro magnet included 
in the electric circuit, substantially as set forth. 

2. The sound intensifying chamber or resonator, having a disk 
or diaphragm of metal, responsive to rhythmical responses or vibra- 
tions representing musical impressions or sounds produced in the 
electric circuit through the intervention of the electro-magnet, sub- 
stantially as set forth. 

3. In combination, the electric circuit, the sound intensifying 
chamber or resonator, the diaphragm or disk of metal, and the 
electro-magnet, the two latter vibrating responsively to rhythmical 
imPulses or vibrations representing musical impressions or sounds 
transmitted through said circuit, substantially as set forth. 

4. In combination, the primary circuit, the seconday circuit, the 
electro-magnet, and the disk or diaphragm of metal, responsively 
vibrated by induced currents of electricity to reproduce rhythmical 
impulses or vibrations representing musical impressions or sounds, 
substantially as set forth. 


5. In combination, the transmitter consisting of a coil or helix, 


whereby rhythmical electrical impulses or vibrations may be induced 
in the telegraphic circuit without interrupting the continuity of the 
same, and the receiver consisting of the electro-magnet, having the 
metal disk or diaphragm for its armature, these being arranged to 
vibrate in unison with each other, and with the impulses or vibra- 
tions proceeding from the transmitting or inducing coil, substantially 
as set forth. 

6. In combination, a telegraphic circuit, a series of circuit-breakers, 
capable of producing musical tones of different pitch, a series of 
keys for throwing said circuit-breakers into or out of operation, and 
an electro-magnet receiver which is thrown: into vibration by the 
transmitters, whereby tones of different pitch may be reproduced 
at the receiving end of the line by the employment of a single cir- 


cuit, substantially as set forth. 
In testimony whereof, I have hereunto subscribed my 
name. 
Em Garay. 
Witnesses : 
A. G. Swarrwour, 


D. M. Exsame, JR. 
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DEPARTMENT OF THE INTERIOR. 
Usrrep ram Pan Orrics. 


To all persons to whom these presents shall come, Greeting : 

This is to certify that the annexed is a true copy from files of this 
office of the Caveat of Elisha Gray, filed Feb. 14, 1876, for “ Art of 
Transmitting Vocal Sounds Telegraphically.” 

In testimony whereof, I, W. H. Doolittle, acting Com- 

missioner of Patents, have caused the seal of the 

Patent Office to be hereunto affixed this twenty- 

(szaL) eighth day of March, in the year of our Lord one 

thousand-eight hundred and seventy-eight, and of 

the Independence of the United States the one 
hundred and second. 


ELISHA GRAY. 
UNITED STATES PATENT OFFICE. 
SPECIFICATION. 


To all whom it may concern: 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented a new art of transmitting 
vocal sounds telegraphically, of which the following is a specifica- 
tion. 


It is the object of my invention to transmit the tones of the 
human voice through a telegraphic circuit, and reproduce them at 
the receiving end of the line, so that actual conversations can be 
carried on by persons at long distances apart. 
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I have invented and patented methods of transmitting musical 
impressions or sounds telegraphically, and my present invention is 
based upon the modification of the principle of said invention, which 
is set forth and described in letters patent of the United States, 
granted to me July 27, 1875, respectively numbered 166,095 and 
166,096, and also in an application for letters patent of the United 
States, filed by me February 23, 1875. 

To attain the objects of my invention, I devised an instrument 
capable of vibrating responsively to all the tones of the human 
voice, and by which they are rendered audible. 

In the accompanying drawings I have shown an apparatus em- 
bodying my improvements in the best way now known to me, but I 
contemplate various other applications, and also changes in the 
details of construction of the apparatus, some of which would ob- 
viously suggest themselves to a skillful electrician, or a person versed 
in the science of acoustics, on seeing this application. 

Figure 1 represents a vertical central section through the trans- 

itting instrument. 

Fig. 2. A similar section through the receiver; and 

Fig. 3. A diagram representing the whole apparatus. 

My present belief is, that the most effective method of 
an apparatus capable of responding to the various tones of the hu- 
man voice, is a tympanum, drum or diaphragm, stretched across 
one end of the chamber, carrying an apparatus for producing fiuc- 
tuations in the potential of the electric current, and consequently 
varying in its power. 

In the drawings, the person transmitting sounds, is shown as 
talking into a box, or chamber, A, across the outer end of which is 
stretched a diaphragm a, of some thin substance, such as parch- 
ment or gold beater’s skin, capable of responding to all the vibra- 
tions of the human voice, whether simple or complex. Attached to 
this diaphgram is a light metal rod A’, or other suitable conductor 
of electricity, which extends into a vessel B made of glass or other 
insulating material, having its lower end closed by a plug, which 
may be of metal, or through which passes a conductor 3, forming 
part of the circuit. This vessel is filled with some liquid possessing 
high resistance, such, for instance, as water, so that the vibrations 
of the plunger or rod A’ which does not quite touch the conductor b, 
will cause variations in resistance and consequently, in the potential 
of the current passing through the rod A’. 

Owing to this construction, the resistance varies constantly, in 
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response to the vibrations of the diaphragm, which although ir- 
regular, not only in their amplitude, but in rapidity, are neverthe- 
less transmitted, and can, consequently, be transmitted through a 
single rod, which could not be done with a positive make and break 
of the circuit employed, or where contact points are used. 

I contemplate, however, the use of a series of diaphragms in a 
common vocalizing chamber, each diaphragm carrying an independ- 
ent rod, and responding to a vibration of different rapidity and in- 
tensity, in which case, contact points mounted on other diaphragms 
may be employed. 

The vibrations thus imparted are transmitted through an electric 
circuit to the receiving station, in which circuit is included an elec- 
tro-magnet of ordinary construction, acting upon a diaphragm to 
which is attached a piece of soft iron, and which diaphragm is 
stretched across a receiving vocalizing chamber c, somewhat similar 
to the corresponding vocalizing chamber A. 

The diaphragm at the receiving end of the line is thus thrown 
into vibration corresponding with thoseat the transmitting end, and 
audible sounds or words are produced. 

The obvious practical application of my improvement will be to 
enable persons at a distance to converse with each other through a 
telegraphic circuit, just as they now do in each other's presence, or 
through a speaking-tube. 

I claim as my invention, the art of transmitting vocal sounds or 
conversations telegraphically through an electric circuit. 

Hun Gray. 


County of 
District of Columbia, 


Em Gray, the within named petitioner, being duly sworn, doth 
depose and say, that he verily believes himself to be the original and 
first inventor of the Art of Transmitting Vocal Sounds described in 
the foregoing specification ; that he does not know or believe that 


* 
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the same was ever before known or used ; and that he is a citizen of 
the United States. 
Em Gray. 


before me this 14th day of 
February, A. D. 1876. 


[sEaL.] Jom T Arms, 
Notary Public. 


Subscribed and sworn ott 


To the Commissioner of Patents : 


The petition of Elisha Gray, of Chicago, in the County of Cook 
in the State of Illinois, respectfully represents, that he has made 
certain improvements in the Art of Transmitting Vocal Sounds 
telegraphically, and that he is now engaged in making experiments 
for the purpose of perfecting the same, preparatory to applying for 
letters patent therefor. 

He therefore prays that the subjoined description of his inven- 
vention may be filed as a caveat in the confidential archives of the 
Patent Office. 


(Official Stamp.) 


19, U. S. Patent Orrice, 
S. R. A. Wasuineton, D. C., Feb'y 19, 1876. 
Sm ou are hereby notified that application has been made to 
this office for letters patent for Telephonic Telegraph, &c., with 
which the invention described in your caveat, filed on the 14th day 
of February, 1876, apparently interferes, and that said application 
has been deposited in the confidential archives of the office under 
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provision of Section 4902 of the Revised Statutes of the United 
States, which section reads as follows: 

Section 4902. Any citizen of the United States who makes any 
new invention or discovery, and desires further time to mature the 
same, may, on payment of the fees required by law, file in the Pat- 
ent Office a caveat, setting forth the design thereof, and of its dis- 

characteristics, and praying protection of his right un- 
til he shall have matured his invention. Such caveat shall be filed 
in the confidential archives of the office and preserved in secrecy, 
and shall be operative for the term of one year from the filing there- 
of, and if application is made within the year by any other person 
for a patent with which such caveat would in any manner interfere, 
the Commissiener shall deposit the description, specification, draw- 
ings and model of such application in like manner in the confiden- 
tial archives of the office, and give notice thereof, by mail, to the 
person by whom the caveat was filed. If such person desires to 
avail himself of his caveat he shall file his description, specification, 
drawings and model within three months from the time of placing 
the notice in the post office in Washington, with the usual time re- 
quired for transmitting it to the caveator added thereto; which 
time shall be endorsed on the notice. An alien shall have the priv- 
. ilege herein granted if he has resided in the United States next 
preceding the filing of his caveat, and has made oath of his inten- 
tion to become a citizen. 

If you would avail yourself of your caveat it will be necessary for 
you to file a complete application within three months from date, 
three days additional, however, being allowed for the transmission 
of this notice to your place of residence. 

Very respectfully, 
R. H. Duet, 
Commissioner. 


Emm Gray, 
Care W. D. Baldwin, 
Present. 
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OFFIcE, 
WAsHINGTON, D. C., Feb. 19, — 


E. Gray, 

Care W. D. Baldwin: 

In relation to the foregoing notice in relation to your caveat it 
may be well to add that the matters in the App'n referred to seem 
to conflict with your caveat in these particulars, viz.: 

Ist. The receiver set into vibration by undulatory currents. 

2d. The method of producing the undulations by varying the re- 
sistance of the circuit. 

3d. The method of transmitting vocal sounds telegraphically by 
causing these undulatory currents, &c. 


Z. F. WimBor, 
Examiner. 
Copy sent Examiner's Room No. 118, 
Feb. 25. U. S. Parent Orcs, 
S. R. A. Wasnineton, D. C., Feb. 25, 1876. 


E. Gray, 

Care W. D. Baldwin, Present : 

Caveat for Art of Transmitting Vocal Sounds Telegraphically. 

Feb. 14, 1876. 

The notice to complete having been given under a misapprehen- 

sion of the rights of — 
Z. F. WILBER, 
Examiner. 


$10 Mail. 
MEMORANDUM OF FEE PAID AT U. S. PATENT OFFICE. 
Paper will be filed to-day. 
Inventor, 
E. GRAY. 


CAVEAT. 


“Gray's CavEaT 2.” 
Invention. 
Transmitting Vocal Sounds Telegraphically. 
Date of Payment, 
Feby. 14, 1876. 


Wilbar, 48. 


Of Chicago, County of Cook, State of nun 


Feb. 14, 1876. 


Simmons 
vs. 
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Copy sent 

Sept. 20, 1877, U. S. Parent Orrice, 
MES. Wasuinaton, D. C., Sept. 20th; 1877. 

Em Gray, 


Care Baldwin, Hopkins & Peyton, Present : 


Sm: You are hereby notified, that application has been made to 
this office for Letters Patent for Speaking Telegraph, involving the 
use of a series of diaphragms in a common vocalizing chamber, with 
which the invention described in your caveat, filed on the 14th day 
of February, 1876, renewed February 14th, 1877, apparently inter- 
feres, and that said application has been deposited in the confi- 
dential archives of the office, under provisions of Section 4902 of 
the Revised Statutes of the United States, which section reads as 
follows : 

Sec. 4902. Any citizen of the United States who makes any new 
invention or discovery, and desires further time to mature the same, 
may, on payment of the fees required by law, file in the Patent 
Office, a caveat, setting forth the design thereof, and of its distin- 
guishing characteristics, and praying protection of his right until he 
shall have matured his invention. Such caveat shall be filed in the 
confidential archives of the office and preserved in secrecy, and 
snall be operative for the term of one year from the filing thereof ; and 
if application is made within the year by any other person for a pa- 
tent with which such caveat would in any manner interfere, the Com- 
missioner shall deposit the description, specification, drawings and 
model of such application in like manner in the confidential archives 
of the office, and give notice thereof by mail, to the person by whom 
the caveat was filed. If such person desires to avail himself of his 
caveat, he shall file his description, specification, drawings and model 
within three months from the time of placing the notice in the post 
office in Washington, with the usual time required for transmitting 
it to the caveator added thereto, which time shall be endorsed on 
the notice. An alien shall have the privilege herein granted, if he 
has resided in the United States one year next preceding the filing of 
his caveat, and has made oath of his intention to become a citizen. 

If you would avail yourself of your caveat, it will be necessary 
for you to file a complete application within three months from 
date, three days additional, however, being allowed for the trans- 
mission of this notice to your placo of residence. 
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“grays cavaat 2.” 
MEMORANDUM OF FEE PAID AT u. a PATENT OFFICE. 


Inventor. 


ELISHA GRAY, 
Renewal of Caveat. 
Filed Feb. 14. 1876. 


Renewal of Caveatof Feb. 14, 1876. 


ELISHA GRAY, 
Of Chicago, County of Cook, State of Illinois. 


. 


Feb. 14, 1877. 


Vp. 1 
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2 Sheets—Sheet 1. 


. 684 F. 
TELEPHONIC TELECRAPE APPARATUS. 
Re. 175,971. - Patented April 11. 1896. 
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2 Sheets—Sheet 3. 


A. GRAY. 
TELEPHONIC TELEGRAPH APPARATUS. 
He. 175.971. Patented April 11, 1876. 
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(Wo. 45.) Defendants’ Exhibit, “Gray Sounding Box 
Receiver Patent.” 


J. A. W., EXr. 
[Introduced in Record, p. 11.] 


ELISHA GRAY, OF CHICAGO, ILLINOB. 
IMPROVEMENT IN TELEPHONIC TELEGRAPH APPARATUS. 


: Specification forming part of the Letters Patent No. 175,971, dated 
April 11th, 1876. Application filed January 8th, 1876. 
To all whom it may concern 

Be it known, that I, Rn Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful im- 
provements in the Art of Transmitting Musical Sounds Telegraphi- 
cally, as well as certain new and useful improvements on apparatus 
for so transmitting such sounds, of which art and apparatus the fol- 
lowing is a specification : 

My invention relates to electro-harmonic telegraphs of the class 
shown and described in Letters Patent of the United States, granted 
to me July 27th, 1875, and respectively numbered 166,095 and 166,- 
096, and in an application for Letters Patent filed by me February 
23, 1875. 

The object of my invention is to dispense with local batteries and 
sounders, and all adjustment at the receiving end of the line, which 
end I attain by means of an apparatus which analyzes composite 
tones transmitted electrically through a wire, whereby the operator 
is enabled to read directly from the tone transmitted. 

The subject-matter claimed hereinafter specifically will be 
designated. 

In the accompanying drawings, which show so much of my im- 
proved apparatus as is necessary to illustrate the invention herein 
claimed, Fig. 1 is a plan or top view and Fig. 2 a side elevation, 
partly in section, of one of my improved sounders or receivers. 
Fig. 3 is a diagram showing my improved transmitting and receiv- 
ing apparatus as adapted to the transmission of several tones simul- 


A resonant box, A, such as used for intensifying the sound of 
tuning forks, is shown as closed at one end. A screw bolt, D, or 
other suitable support secured upon this box, sustains an electro- 
magnet, B, of well-known construction. A vibrating tongue or reed, 


, — 
— 


OIE LO wy eid ee UE a Fah eg 


eee 


LEDER 


164 DEFENDANTS EXHIBITS. 


C, of steel is so fastened upon the support D, and is united in one 
pole of the magnet B. The free end of the reed passes close to, but 
does not touch, the other pole of the magnet. 

For convenience of removal or replacement, all the parts 
of the apparatus may be united by means of a common bolt and 
nut, E. 

The box is tuned to produce a maximum resonance of the de- 
sired tone, and the reed is accurately tuned correspondingly. Con- 
sequently, as the reed vibrates, the sound of its fundamental tone is 
intensified by the resonance of the box in accordance with well- 
known laws of acoustics. : 

If, now, the electro-magnet be connected in a telegraphic circuit 
in the same way as one of my analyzers described in the application 
aforesaid, and the note be transmitted by means of one of my 
transmitters described in said application for Letters Patent, the 
note will sound in the box, provided the tone transmitted corre- 
sponds with that of the box, otherwise the note will not be heard. 
Should a second analyzer be similarly placed in the circuit and 
tuned to a different pitch and a second note of corresponding pitch 
be transmitted, it will sound in the box of corresponding pitch 
without effecting the other. The same rule holds with a larger 
number. 

I have in practice thus analyzed and reproduced as many as 
eight different tones simultaneously transmitted through a single 
wire, and, as I have demonstrated, by using the Morse signals, eight 
messages can simultaneously be sent over each wire as rapidly as 
each operator can transmit with the common telegraphic key, the ad- 
vantages of my invention are obvious. 

I believe it, however, to be practicable simultaneously to 
transmit a number of messages even greater than that above 
mentioned. 

The reed C is made of a steel bar with parallel sides, the tuning 
being done by cutting away the sides near the fixed ends, as shown 
in the drawings. I find this construction in practice, to obviate the 
tendency of the reeds to break into notes, or to respond to notes other 
than their own, as has been the tendency of other forms of reeds 
tried by me. 

I claim as my invention— 

1. The hereinbefore described art of transmitting musical sounds 
telegraphically by reproducing such sounds at the receiving end of 
the line by. means of a vibrating reed and a sounding box of cor- 
responding pitch. 
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2. The combination substantially, as hereinbefore set forth of 
an electro-magnet, a vibrating reed and a sounding box of cor- 
responding pitch, united at the receiving end of an electric 
circuit. 

3. The combination, substantially as hereinbefore set forth, with 
an electric circuit, of a series of electro-magnets, a series of vibrat- 
ing reeds, producing musical tones of different pitch, and a series 
of correspondingly tuned sounding boxes, whereby each box is 
caused to sound its own note while rejecting all others. 

4. The vibrating reed, constructed as hereinbefore set forth, with 
parallel sides, and with recesses near its fixed end, whereby its 
tendency to vibrate in unison with tones other than its own is pre- 


vented. 
In testimony — have hereunto. subscribed my 
name. : 
Hin Gray. 


Witnesses: 
Enos M. Barton, 
Geo. A. Buss. 
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(No. 46.) Defendants’ Exhibit, Gray Closed Circuit 
Patent.” 


J. A. W., Sp. Ex’r. 
(Introduced in Record, p. 11.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY OF NEW YORK 
CITY. 


IMPROVEMENT IN ELEcTRO-HARMONIC TELEGRAPHS. 


Specification forming part of Letters Patent. No. 186,340, dated 
January 16, 1877 ; appligption filed January 27, 1876. 


To all whom it may concern: 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented a new and useful improve- 
ment in the art of transmitting and analyzing musical impressions 
or sounds and in apparatus for so transmitting and analyzing such 
sounds, of which the following is a specification. 

My invention more especially relates to an electro-harmonic 
system of multiple telegraphy heretofore invented by me, and se- 
cured by sundry Letters Patent of the United States, in which 
composite musical tones are transmitted through a single wire, and 
analyzed or separated at the receiving end of the line by vibrating 
reeds, bars or strings tuned correspondingly with the respective 
transmitters of the composite tones. 

In an application for Letters Patent of the United States, filed 
by me February 23, 1875, for transmitting musical vibrations by 
electricity, I have shown not only the various devices for transmit- 
ting or receiving the musical impressions, but also one method of 
arranging the electric circuit for producing the desired result, in- 
cluding the relation of the main battery to the line and instruments 
at both ends, and describe the effects produced. 

In my prior patents and application, above mentioned, the full 
force of the battery was at all times exerted upon the line ; that is 
to say, when one transmitter was employed and the others were at 
rest, it worked with the full force of the whole main battery, and 
when all the transmitters were employed, the same force was neces- 
sarily divided among them ; consequently the amplitude of the vi- 
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brations of any given tone would diminish or increase, according 
to the number of tones simultaneously sent to line, thus rendering 
analysis at the receiving end of the line more difficult. 

My present improvement contemplates the avoidance of this ob- 
jection, by insuring the transmission of tones of uniform amplitude, 
of wave, whether a greater or less number of tones be transmitted 
simultaneously, which end I attain by combining each transmitter 
with its respective section of the main battery, by a short or shunt 
circuit, in such manner that each section is utilised for the trans- 
mission of the vibrations for its own tone, without interfering or 
drawing upon the other section of the battery, or opening the main 
circuit, and when not transmitting the unemployed sections of the 
battery flow steadily to line without affecting the workiug trans- 
mitters of the other sections. 

My improvement thus possesses two distinguishing characteris- 
tics: first, that of a main circuit always closed, and second, the 
passage through this circuit of a smooth current so to speak when 
all the transmitters are quiescent, each transmitter when in opera- 
tion throwing its respective portion of said current into vibration, 
so that there may be a smooth current, and one or more vibratory 
waves simultaneously transmitted through the circuit or the entire 
current may be thrown into vibration. 

The subject matter claimed hereinafter will specifically be des- 
ignated. 

The accompanying drawings represent a perspective diagram of 
so much of my approved apparatus as is necessary to illustrate the 
subject matter claimed. 

I have shown this apparatus as constructed in the best way now 
known to me; but it is obvious that the details of construction of 
its various parts may be varied within certain limits, in ways well 
known to skillful electricians. 

I have shown three transmitters with their batteries and corre- 
sponding receivers at each end of the line, so arranged as to trans- 
mit three messages each way simultaneously; but a greater or less 
number of transmitters and receivers may be employed, and they 
might be so arranged as all to transmit one way, instead of in oppo- 
site directions. 

It is deemed unnecessary to describe in detail here the con- 
struction of the battery, as it forms no part of the subject matter 
claimed, and any of the well known batteries of the present day will 
work effectively with my improved apparatus. 


The construction of the transmitters and receivers is fully set 
forth and described in my Letters Patent and application above- 
mentioned, and needs no reiteration here. 

Each battery is connected with its respective transmitter, by a 
short circuit or shunf wire. Starting with battery No. 1, G is the 
ground wire connected at the plus (+) pole of the battery, which 
battery is connected up in the ordinary way and runs to line at the 
other or minus (—) end, through the analyzing receivers, F, E, D. 
The line congects at the other end through analyzing receivers, OC, 
D’, A’, to the plus (++) pole of battery No. 2, and passes through in 
the ordinary way to the ground wire G', at the minus (—) pole of 
said battery. 

The circuit, thus far, is similar to an ordinary Morse circuit, 
closed, and without a key or other means of making or breaking the 
circuit. 

A, B, C, D, E, F, represents six sets of transmitters, each set be- 
ing composed of a common open circuit, Morse telegraphic key and 
a musical tone transmitter; such for instance, as that described in 
Letters Patent No. 165,728, granted to me July 20, 1875, for im- 
provements in transmitters for electo-harmonic telegraphs. These 
transmitters are all alike in construction, but each one is tuned to a 
different pitch, and has a receiver, A,’ B', C, D’, E, F, correspond- 
ingly tuned, at the other end of the line. 

Each battery is divided into sections, 1, 2,3, 4, 5, 6, not by separ- 
ating or disconnecting its cells, but by throwing a short circuit or 
shunt wire around each section ; for instance, the first short circuit 
of battery 1, consists of the wires a ö, the second of wires 3 c, and 
the third of the wires c, and so on. The number of cells in each 
section is determined by the distance the tone is to be transmitted. 

Each shunt wire runs through its own key and vibrating trans- 
mitter ; for instance, in section 1 of battery 1, which is at the line 
end of the battery, a wire a, passes from the minus (—) pole of the 
battery to one binding screw of the transmitter A, at which point 
the circuit divides, one branch connecting to line L, and the other 
to the vibrating bar of the transmitter through the break point, 
which is in this instance a shunting point. The cireuit then passes 
to the other binding screw, and thence to the key lever. 

The anvil or lower point of the key is connected directly with 
the ends of the wire 6, which forms the dividing line between sec- 
tions 1 and 2, forming part of the short circuit of each section, and 
soon. Now, if the reed or bar of transmitter A be vibrated by its 
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local battery, (which is omitted from the drawing to avoid compli- 
cation, but the operation of which is well understood,) and the key 
belonging to it, and in the same circuit with it be ‘depressed, the 
shunt circuit around section 1, will be completed every time the 
vibrating bar or reed makes contact with its great point, thus pro- 
ducing a set of waves or electrical vibrations throughout the line, 
the waves succeeding each other at the rate per second correspond- 
ing to the vibrations of the transmitting reed or bar, which waves 
will induce corresponding impulses in all the magnets of a power 
approximating one-sixth of the whole battery. 

Although these magnetic impulses are induced in all the mag- 
nets in the circuit, one only will make an audible response, except to 
a very delicate test, which one in this instance will be the receiver 
marked A’, as one whose reed or ribbon (or reed and box, as the 
case may be), is tuned correspondingly to the transmitter in oper- 
ation. All the other sections of the apparatus are connected up 
and operated in a manner precisely similar, each operating on its 
own section of battery. Each transmitter differs in pitch from 
every other one, and has its compliment in its corresponding re- 
ceiver. 

It will be observed that by working with this inproved system, 
the main circuit is never open, owing to which fact the integrity of 
each set of waves is preserved in tact, thus rendering analysis easy 
at the receiving end of the line. 

The utility of the device has been amply demonstrated by prac- 
tical operation. 

I claim as my own invention :— 

1. The improvement in the art of telegraphically transmitting 
composite tones, hereinbefore set forth, which consists in working 
a closed circuit with a continuous current from a main battery, por- 
tions of the whole of which current are thrown into vibration at 
will by the transmitters. 

The improvement in the art of telegraphically transmitting and 
analyzing composite tones, hereinbefore set forth, which consists in 
working a closed circuit with a continuous current from a main 
battery, portions of the whole of which current are thrown into 
vibration at will by the transmitters, each set of vibrations being 
audibly reproduced by a corresponding receiver. 

3. The combination, substantially as hereinbefore set forth, of a 
series of transmitters each operated by a local battery, a main 
batte, an electric circuit through which a continuous current flow: 
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from said battery, and shunt or short circuits between the main 
battery and transmitters. 

4. The combination, substantially as hereinbefore set forth, of a 
series of transmitters, a main battery connected therewith by short 
or shunt circuits, a closed electric circuit through which a current 
continuously passes from the main battery, and a series of analyzing 
receivers included in the circuit. 

In testimony whereof I have hereunto subscribed my name. 

. EvisHa GRAY. 
Witnesses : 
Wu. J. PEyton, 
JosePH S. Pxrrox. 
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888 (No. 47.) Defendants’ exhibit. Letters patent to Cromwell 
Fleetwood Varley, dated April 8, 1870. No. 1044. J. A. 


W., sp. ex 'r. 


(Introduced record, p. 11.) (A. D. 1870, 8th April. No. 1044.) 
Electric telegraphs. 


Letters patent to Cromwell Fleet wood Varley, of Beckenham, in the 
county of Kent, for the invention of “improvements in electric 


telegraphs.” 


Provisional specification left by the said Cromwell at the office of 
the Commissioners of Patents on the 8th April, 1870. 


Cromwell Fleetwood Varley, of Beckenham, in the county of Kent. 
“Improvements in electric telegraphs.” 


This invention has for its object the increase of the transmitting 
power of telegraph circuits by enabling more than one operator to 
signal independent messages at the same time upon one and the 

same wire to and from independent stations. 
888} In working land lines it is usual to produce the signals by 
means of the passage of a current of electricity producing 
magnetic action, as in the Morse or Hughes instruments, or chemi- 
cal action, as in the Baines machines. 

By my invention I superpose upon the currents used for working 
the ordinary telegraphs rapid undulations or waves, which do not 
practically alter the mechanical or chemical power of the ordinary 
signal currents, and by a new apparatus hereinafter described these 
undulations are made to produce distinct and independent audible 
or other signals so long as these undulations are produced, whether 
ordinary signal currents be flowing or not. 

As a rough mechanical illustration of the way in which I pro- 

to pass two sets of electric signals simultaneously and in either 
direction through the same line wire without interference, I will 
suppose a rope stretched over two distant pulleys by means of 
weights at each end; if the near weight be raised the distant one 
falls. In this way signals are transmitted by the connecting rope, 
which may be called current signals; if, now, two small pulleys 
capable of rising and falling rest — the rope between but near to 
the supports they will simply rotate when the rope is shifted 
889 backwards and forwards; if, now, an operator at one end 
strike the rope vibrations or waves will be produced, which 
will cause the other small pulley to dance or make vibration signals. 
Consequently the operator who shifts and the operator who strikes 
the rope can each produce independent signals on one and the same 
rope. 
Bappoee the rope to travel over several fixed pulleys; the operation 
of shifting the rope will produce distinct current signals from end 
to end of the line as before, but between each fixed pulley vibrations 
can be produced, and so a number of intermediate stations can com- 
municate independently of each other and independent of the cur- 
rent signals through the line. 


918 


With this mechanical simile the following will be more fully un- 
derstood. 

The way in which I carry my electric invention into operation is 
as follows: 

An electro-magnet offers at the first moment great opposition to 
the passage of a current of electricity, and therefore it may be con- 
sidered as partially opaque to the transmission of very rapid alter- 

nations or electric waves. 
8893 I attach to the line, at desirable parts, condensers. In the 
first instance I will assume only two condensers—one at each 
end—attached near each end of an ordinary telegraph line. 

The first or communicating station produces in its condenser rapid 
charges and discharges ;} these add to and take from the line a num- 
ber of small electric impulses without affecting the mean magnet- 
izing power of the currents through the line. These impulses 
charge and discharge the second condenser at the other end. 

These undulations in the second condenser can be utilized in the 
following manner : 

1. If the condenser be made of paper and metal foil the rapid 
charges and discharges produce a musical sound. 

2. If those rapid alternations be made to round a helix con- 
taining an iron rod a musical sound is produced. 

3. 11 these currents pass round a helix containing a magnet 

ized harmonium tongue the currents make it vibrate audi- 
890 bly if the currents be properly timed, and the effect is in- 
creased if a feeble current of air be passing the tongue. 

By adding tubes of proper length and sounding boards and other 
appliances for communicating vibrations the power of the signal is 
in : 

4. By placing the magnetized tongue of a musical comb between 
the poles of an electro-magnet with only a small iron core, or inside 
a coil, it is made to vibrate whenever tl.ese undulations are passing. 

Another method of producing sound from the undulations con- 
sists of stretching a music wire through hollow trelices; the cur- 
rents magnetize and demagnetize the tone, this wire being also 
placed between the poles of permanent magnets. 

Harmonious currents cause this wire to vibrate. In some cases 
it may be useful to employ inharmonious currents to stop or silence 
the vibrations. 

The two latter methods will only speak when vibrations or har- 

mony with the tongue are made to pass, and consequently in 
8903 some cases two or more distinct sets of vibrations can be 
made to act on two or more sets of apparatus differently 
tuned, and to permit of several distinct communications to be trans- 
mitted simultaneously upon the same section of a single line wire. 

By introducing between the receiving condenser and a Morse or 
other ordinary receiving instrument, a current reverser keeping time 
with the vibrations, these alternating currents are made to flow 
through the receiving instrument in one direction, and are then 
competent to work the Morse or other ordinary receiving instru- 
ment. 
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6. When it is desirable to subdivide the vibrating sections of a 
line an electro-magnet or, what is better, two electro-magnets are 
inserted in the circuit, and a condenser may with advantage be 
placed between the circuit and the earth connecting the condenser 
with the circuit between the two electro-magnets. 
In this way, without interfering materially with the ordinary sig- 
nals through the line, the vibrating sections are separated from 
other by withdrawing the iron cores from the electro-magnets, 
891 or short circuiting the electro-magnets the vibrations are 
passed through to the next station. 
7. Another method consists of inserting a reflecting galvanometer 
between the condenser and the earth (or between the line and the 
condenser); the vibratory or secondary signals can be read off by 


observing its vibrations. 
8. Vibrations are rendered sensible by placing a moveable iron 
bar between the poles of an electro- or inside a helix, and 


one or both of its ends between the of permanent magnets ; 
the latter are covered with brass or any non-magnetic matter; the 
vibration currents cause it to vibrate between the poles of the electro 
or permanent magnets, and so produce distinctly audible sounds. 
9. There are other methods of utilizing these superposed vibra- 
tions, such as connecting to the condenser an electrometer 
892 like that of Milner or Pettier. An intermediate Morse or 
other such line instrument would cut off the vibration si 
or reduce them much; this opposition of the intermediate eletro- 
— — may be cut off by connecting the terminals of a condenser 
to the circuit on each side of the —— 
There are several methods of producing these vibrations in the 


wire: 

ist. If a tuning fork be placed between the poles of an electro- 
magnet with a spring contact so arranged that when at rest the bat- 
tery current flows through the electro-m the latter will attract 
the tuning fork and break the circuit ; magnetism then ceases 
and the tuning fork springs back and renews the circuit; in this 
way — — as the battery is in action. 

A secondary wire around this magnet produces currents in 
site directions, and by placing this secondary wire in circuit with 

the line wire the necessary vibrations are produced. 
893 2nd. The secondary wire may be connected between the 
earth and the condenser attached to the line wire ; this method 

does not add to the resistance of the main circuit, and is therefore 
preferable. 

3rd. A tongue similar to those used in harmonicums is made to 
vibrate by air between contact points, and so connect the condenser 
alternately with the battery and the ground, and so produce the 
alternations, or it may be made to connect the condenser alternately 
to the + or — pole of a battery whose opposite poles are connected 
to the earth. 

4th. A magneto machine rapidly rotating will do the above duty 
equally well if its speed of rotation be controlled by a good gov- 
ernor. 
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The tuning fork and vibrating tongue arrangement can be set to 
and can keep up any desirable rate of vibrations. 
894 The ordinary telegraph keys and switches are used for 
connecting the various parts of the apparatus together. 

In constructing the dry-paper condensers it is best to dip the paper 
in varnish and attach metal leaf (such as gold, silver, or copper) to 
the paper, and lay these metal-coated papers between metal foil. 

The double speaking apparatus of Dr. Guitt or of Firschen can 
be used on lines working with the above-described vibrations. 

When these are used I prefer inserting a hollow helix; the diffi- 
culty arising from the inductive capacity of the line is almost 
wholly removed ; this is a new improvement and will render these 

apparatus actually useful instruments. 
895 Specification in pursuance of the conditions of the letters pat- 
ent filed b the said Cromwell Fleetwood Varley in the 
Great Seal Patent Office on the 8th October, 1870. 


Cromwell Fleetwood Varley, of Beckenham, in the county of Kent. 
“Improvements in electric telegraphs.” 


This invention has for its object the increase of the transmitting 
power of telegraph circuits by enabling more than one operator to 
signal independent m at the same time upon one and the 
same wire to and from independent stations. 

In working land lines it is usual to produce the signals by means 
of the passage of a current of electricity producing magnetic action, 
as in the Morse or Hughes instruments, or chemicals, as in the 

Baines machines. 
896 By my invention I —— — upon the currents used for 
working the ordinary telegraph rapid undulations or waves 


which do not practically alter the mechanical or chemical power of 


the ordinary signal currents, and by new apparatus hereinaſter de- 
scribed these undulations are made to produce distinct and inde- 
pendent audible or other signals so long as these undulations are 
produced, whether ordinary signal currents be flowing or not. 

As a rough mechanical illustration of the way in which I propose 
to pass two sets of electric signals simultaneously and in either di- 
rection through the same line wire without interference, I will sup- 
pose a rope stretched over two distinct pulleys by means of weights 
at each end. With such an apparatus, if the near weight be raised 
the distant one falls, and in this way signals may be transmitted by 
the connecting rope, which may be called current signals. If now 

two small pullies, capable of raising and falling, rest upon 
897 the rope between but near to the supports, they will simply 

rotate when the rope is shifted backwards and forwards, but 
if now an operator at one end strike the rope, vibrations or waves 
will be produced, and will cause the small pulley at the other end 
to dance, and so vibration signals may be given. Consequently the 
operator who shifts and the operator who strikes the rope can each 
produce independent signals on one and the same communicating 
cord. Sup the rope to travel over several fixed pulleys, the 
operation of shifting the rope will produce distinct current signals 
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from end to line as before, but between each fixed pulley and the 
next to it vibrations can be produced, and so a number of inter- 
mediate stations can communicate independently of each other and 
independently of the current signals through the line. 

With this mechanical simile the following will be more 
898 easily understood: 

The way in which I carry my electric invention into op- 
eration is as follows: 

Condensers are attached to the line at the places where the wave 
signals are to be communicated and received. In the first place, let 
us assume only two condensers, one at each end, attached near each 
end of an ordinary Morse telegraph circuit. The first or communi- 
cating station to make a signal produces in its condenser rapid 
charges and discharges by means described ; further on these add 
to and take from the line a number of small electric impulses with- 
out affecting the mean magnetizing power of the ordinary Morse 
currents through the line. These impulses — and discharge 
the second condensers at the other end, and this condenser is coupled 

with a receiving instrument, which is sensitive to these undu- 
899 lations, and renders them apparent by sound or otherwise. 
Figure 1 is a diagram af the instrument at one of the sta- 


tions of such a line. ais the line wire. I will su it to be an 


ordinary land-line wire, 50 miles long, and suspended in the usual 
way. ö is the Morse instrument ; c. the sounding key for the Morse 
signals; d. the battery in connection with this key, and e its earth 
connection. f is a condenser, of about 3 microfarads, one armature 
of which I couple with the line wire and the other with a key, g, 
which, when not depressed, puts the condenser in communication 
with the wave-signal — — h, which I call a “cyma- 
phen.” This instrument is shown at figures 2, 3, and 4. The key 
g, when depressed for sending a wave — puts the condenser in 
connection wich the apparatus by which such waves are generated. 
This apparatus consists of a battery, i. Ten quart cells of Daniel's 
ttery will be suitable. 

One pole of the battery i is connected with the tuning fork 

k. This fork may conveniently be of such dimensions as to 

make 200 vibrations in a second. 1' 1* are two platina-pointed 
contact-making springs, capable of fine adjustment by means of 
screws. The spring 1', when the fork is at rest, is in metallic con- 
tact with it or with a metal arm attached to it, and the spring 1? is 
removed first out of contact; the current from the battery + then 
in the coils of the electro-magnet m, the poles of which have 
— them the two horns of the tuning fork. The coils of this 


magnet may be about 3} inches silk-covered coppered wire. When 
gn ; ppe 


the current is flowing through the coils of the electro-magnet the 
horns of the fork k are drawn apart and the spring 1“ loses its con- 
tact ; then, as the attraction of the magnet ceases, the horns of the 
fork spring back. This remakes the contact,and soacontinual tremor 
is communicated to the tuning fork. In the same circuit with the 

electro-magnet there is, at n, a primary coil wound up on a 
900 bundle of iron wires, as a core, and on the same core, but 
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wound in the opposite direction, is a second primary coil, 
which is in connection with the spring 1“, so that currents pass alter- 
nately in the two primary coils, and at each alternation the polarit 
of the core is reversed. On the core there is also another or second- 
ary coil, in which currents are induced by the changes of polarit 
of the iron core; one end of this secondary coil is connected wit 
the earth and the other, when a wave signal is to be sent, is, by the 
key g, put in connection with the condenser f, and produces in it 
rapid charges and discharges. 7 
he core may conveniently consist of a bundle of thin soft-iron 

wires 1 inch in diameter and 32 inches long. On the centre of the 
bundle is wound, for a length of eight, the first primary coil, consist- 
ing of four layers of No. 16 silk-covered copper wire. Over this is 
wound the second primary coil, consisting also of four layers, and 

outside this again is wound the secondary coil, consisting of 
901 eight layers of No. 24 silk-covered wire. The ends of the 

bundle composing the core are folded over so as completely to 
enclose the coils. 

A small resistance-coil, 0, or a condenser of about two micro- 
farads, is placed between the poles of the secondary coil to take off 
the violence of the shock, so that the operator shall not be inconve- 
nienced. The wave-signal receiving instrument h is shown in plan 
at figure 2, in longitudinal section at figure 3, and in transverse 
section at figure 4. It consists of an iron frame containing a 
sounding board, a, over bridges, at the ends of which a hard-drawn 
iron or steel wire, ö, is stretched from one end to the other; this wire 
is about four feet and six inches long between the bridges; it is 
of No. 14 gauge, and is strained so as to sound the same note 
as the tuning fork of the sending instrument. This wire passes 

through a hollow helix, c, thom inches in length, 1-6 of an 
902 inch internal diameter, and 1} inches external diameter. 

The helix is wound with No. 35 B. W. G. copper wire insu- 

lated with silk; this coil is attached to the frame supporting 
the sounding-board, but does not touch the latter. Two horseshoe 
magnets d are place- one on each side of the wire. The currents 
magnetize the wire inside the helix, and so cause it to be attracted 
— repelled from one magnet to the other. 


When the wire is properly tuned so as to vibrate — — 


with the apparatus at the distant end making the alternations in 
the current the sound from very feeble currents is distinetly audible. 
A piece of felt or leather resting against the wire is sometimes 
used to “damp” the wire and stop its vibrations as soon as the im- 
pulses cease. 
A small piece of metal similar in dimensions toa gold five- 
903 franc piece may be made to rest by a spring lightly against 
the sounding-board somewhere near its centre. When the 
vibrations of the latter are powerful enough to make this piece of 
metal dance the sound is increased in power four or five times b 
this little disc or sound reinforcer, or the sound may be augmen 
by clipping onto the wire near the helix a disc of about the size of 
a penny piece of thin sheet metal; this causes the vibration of the 
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wire to produce a greater disturbance in the air than it otherwise 
would and a louder sound is perceived. 

By attaching a stethescope to the sounding-board for the reader 
to rest his ear against very feeble sounds are rendered sufficiently 
audible. I prefer to use a Scott-Allison’s stethescope. 

The sounding-board may be replaced by a strained dia- 

904 phragm or drum-head, on which one of the bridges over 

which the wire is strained is supported; this arrangement 

gives a better sound with very feeble currents, but with moderate 
currents the sounding-board appears to have the advantage. 

Two sets of wave signals may be transmitted and received simul- 
taneously through the same wire and independently of the current 
signals if a sufficient difference be made in the periods of the two 
sets of waves. Thus, if waves of 200 vibrations in the second, and 
waves 850 or 900 vibrations in the second, be simultaneously trans- 
mitted and received by two separate cymaphens, the one adjusted to 
the slow, and the other to the rapid, they may be separately read, 

as the vibrations which affect the one are inoperative on the 

905 other. This arrangement is not applicable when working 

sie long distances, as the rapid waves would in a long distance 
ost. a 

Figure 5 is a diagram illustrating the arrangements I make when 
the wave signals are used to communicate between intermediate or 
branch stations without interfering with the working by ordinary 
instruments of the main line; a is the line wire, say between London 
and Southampton, and through it it is desired that the intermediate 
station, Basingstoke, shall without interference with the through 
m be able to communicate to and fro with the branch sta- 
tions, Windsor & Salisbury. At these branch stations I provide 
wave * apparatus such as already described in respect to Figure 
1, coupled with condensers, ö , at the places where the branches 
run into the main line. At the intermediate station, Basingstoke, 
I divide the line wire into two sections (as far as the wave signals 
are concerned) by introducing at e an instrument which is opaque 
to these waves, whilst it allows the ordinary long current signals to 
pass freely. This opaque instrument, e, I call “echocyme,” and on 
either side of it I connect with the line wire a condenser, di d?, and 
wave signalling apparatus, as already described. 

An electro-magnet offers at the first moment great opposition 

to the passage of a current of electricity, and may — 
906 sidered as nearly opaque to the transmission of very rapid 
alternations of current or electric waves. 


The “echochyme” may consequently be a simple electro-magnet, 


or, what is better, is to wrap an induction coil with two wires so as 
to form one continuous coil; this is put into the line circuit. The 
junction between these coils is connected to the one armature of the 
condenser, whose other armature is connected to the earth. The 
momentary action of a current on passing through one wire charges 
the condenser. The secondary action upon the other wire checks 
the current that the condenser would have sent on through the 
other wire on to the remainder of the main line circuit by varying 
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the size of —— to the —— of — line and 
currents em a y ute stopper e vibrations sig- 
nals is — am | 

The coil which I have used for this purpose has the following di- 
mensions: Iron bundle, one inch in diameter; length of coil, 8 inches, 
and wound with No. 26 insulated copper wire to a diameter of 2 
inches. The condenser connected between the echocyme and the 
earth, in the case which I have taken for illustration, should be of 
about I of a microfurad. At the termini Morse or other ordinary 

instruments may be used. | 
9063 There are various ways in which the wave signal receiving 
apparatus may be constructed, although that which I have 
already described I prefer. 

Thus the condenser itself may be the receiving instrument. If 
the condenser be made in the following manner the rapid cha 
and discharges will produce a musical sound : Sheets of tinfoil (lor 
example, one foot square) are separated by one or more sheets of 
thin dry paper; the Ist, 3rd, Sth, &c., sheets are joined er; 
the 2nd, 4th, 6th, &c., also join together. The odd-numbered sheets 
are connected to a binding screw or terminal, and the even-num- 
bered sheets to another terminal. Such a condenser consisting of 
from 20 to 50 sheets will be found to be much agitated and to pro- 
duce a loud note with 500 alternations of current per second if the 
potential be 50 to 100 volts. 


In — — dry paper condensers the following method 
: i 


seems to answer Very thin uniform paper is dipped in shellac 
varnish, coated on one side with gold-leaf and then dried. The 
non-gilt surface of two sheets of paper are put together so as 
907 to leave the gilt surfaces outside; the tinfoil plates are placed 
outside of these and built up in the usual manner, connect- 
ing the Ist, 3rd, 5th, 7th, &c., plates to one armature of the con- 
denser, the 2nd, 4th, 6th, 8th, &c., being joined tothe other armature 
of the condenser. If the rapid alternations of current be made to 
round a helix containing an iron rod, the iron rod will issue a 
feeble but distinct sound. The rod used may be }th of an inch in 
thickness, 18 inches in length,and covered toa diameter of one inch 
with No. 35 insulated copper wire. This arrangement requires 
strong currents. If the current pass round a flat coil in which a 
magnetized harmonium tongue is placed the currents will act upon 
it like the needle of a galvanometer and cause it to vibrate. 
The sound is increased by causing a feeble current of air to pass 
the tongue. | 
If a steel tongue, similar to one of those used in a musical box, 
be magnetized and placed inside a helix of fine wire, and its lip is 
placed between the poles of a powerful permanent magnet, the 
alternating currents will cause the tongue to vibrate and 
9073} produce a musical sound so lung as the alternations are 
operating. 
By — a wire — as is —— in fi — — eh near the 
coil. with a short tube o or platinum, and letting a light sprin 
formed of the same — against the — — . 
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which bringing into operation a local battery can be used to increase 
the sound or to relay on the signals to another line. 

A thick music wire, much thicker than those used in piano-fortes, 
is found to give the best results for sound. A thin wire is thrown 
into greater oscillation than a thick one, and admitsof being utilized 
for visible signals in the following way: 

A steel wire of about No. 40 guage is stretched through the helix 
in front of a very narrow slit. A flame is behind the slit, 
but the light coming through is checked by the wire; the moment, 
however, the wire is put into vibration light passes; a lens is placed 

in front, and by it a magnified image of the luminous slit is 
908 projected upon a white screen so long as the wire vibrates. 
Vibrations are rendered sensible by placing a movable iron 
bar between the poles of an electric magnet or inside a helix, and 
one or both of its ends between the poles of permanent magnets; 
the latter are covered with brass or any non-magnetic matter. The 
vibration currents cause it to vibrate between the poles of the electro 
or permanent magnets, and so produce distinctly audible sounds. 
Another method of utilizing these alternations is by introducing 
between the receiving condenser and a Morse or other ordinary re- 
cciving instrument a current reverser keeping time with the vibra- 
tions; these alternating currents may be made to flow through the 
receiving instrument in one direction, and are then competent to 
work the Morse or other ordinary receiving instrument; or a sim- 
ilar result may be obtained by the arrangement shown at figure 6, 
which consists in connecting the receiving condenser to two “ Geis- 
lers vacuum tubes a and ö, the latter one connected with voltaic 
batteries C, Z, consisting of a large number of elements. 
909 The one tube, a, is connected to the “ positive pole” of a bat- 
tery whose “ negative pole” is connected to the earth. The 
second tube, ö, is connected to the “negative pole” of a battery 
whose “ positive pole” is to earth. These batteries must have nearly 
power enough to make a current pass through the tubes. For ex- 
ample, supposing three hundred cells of a bat be able to leap 
across the exhausted tube, 290 should be u with each tube. 
When a positive current arrives it will help the battery whose posi- 
tive pole is connected to the earth, and cause a current to pass 
through its tube 6. The next instant the current is reversed ; this 
causes a current to pass through the other tube, a. In this way an 
electric valve is produced, separating the positive from the negative 
currents and producing a rapidly intermittent current in one direc- 
tion only. If a reflecting galvanometer be enclosed in the circuit 
formed by the batteries and the tubes the wave signals will be indi- 
cated by it. 
Another method of producing an electric valve for sepa- 
910 rating the positive from the negative currents is illustrated 
by figure 7, and consists in connecting, say, 5 cells of Daniels’ 
battery with three cups containing dilute sulphuric acid with plati- 
num plates joined up so as to form 3 decomposition cells in series. 
Between the — — the 3 cups is inserted the galvanometer or 
other instrument that is to be worked; the junction between the in- 
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strument and the cups or decomposition cells is connected to the 
condenser. The other junction between the battery and the decom- 
position cells is connected to the earth. The first action of the bat- 
tery is to polarize the platinum plates, when the current almost en- 
tirely ceases, the three — of polarized platinum plates balancing 
the 5 Daniels’ cells. e moment a current arrives from the con- 
denser it finds two channels open to the earth—the one the battery, 
the other the decomposition cells. Suppose the positive pole of the 
battery to be in connection with the earth, and a positive current 
arising from the condenser, at first it divides itself, part going 
through the battery, part through the decomposition cells. 
911 The action of the current upon the latter is to depolarize them, 
and they then immediately resist its flow. 

The next moment a negative current flows from the condenser ; 
this negative current is assisted by the partly depolarized plates, and 
the battery and the former become repolarized. It is best to wrap 
the instrument, as the diagram shows, with two wires connecting 
the one with the cups, the other wire with the battery, and their 
junction with the condenser. 

The result is that whether it be a negative or positive current that 
is sent into this arrangement the action upon the instrument is the 
— — thus out of alternating currents a continuous action is 
produced. : 

The platinum plates for this purpose must be very small and ve 
close together, to reduce as — © as possible their inductive — 
and resistance. 

Another method consists of inserting a reflecting galvanometer 
between the condenser and the earth (or between the line and the 
condenser); the vibratory or secondary signals can be read off by 

observing its tremor. The unison of this galvonometer must 
912 be deadened by water or other damper, and it is best to pro- 

duce the — by interrupting the vibrations instead of the 
reverse. The vibrations keep the minor oscillating, the image be- 
comes spread out, and the light is enfeebled. The moment the vi- 
brations are cut off the light contracts. The effect is the “spread 
out light is feeble, the concentrated is bright, and thus the sig- 
-_ = be flashed by long and short duration like the Morse al 
P 

Another method of utilizing these superposed vibrations is to con- 
nect to the condenser an electrometer like that of Milner or Pettier. 
A resistance-coil of about 1,000 ohms is connected with the con- 
denser and the earth as a shunt to the electrometer to prevent the 
Morse signals from affecting it to any sensible extent, or the wave 
ae may be read by the sense of touch. For this purpose I use 
a handle made of hard charcoal, and divided into two parts longi- 
tudinally. The parts are separated by a sheet of gutta-percha, and 
are connected, the one with the armature of the condenser, the other 

with the earth. The handle, being moistened and covered 
913 with a rag wetted with weak salt and water, is firmly grasped 
in the hand. 

An intermediate Morse or other such line instrument would 
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cut off the vibration signals or reduce them too much. This o 
sition or opacity of the intermediate instrument is E 
connecting the terminals of a condenser to the circuit on each side 
of the magnet. Thus, if I wish wave signals to pass a Morse instru- 
ment, I couple the armature of a condenser of 3 to 10 microfarads 
with the line wire—one on either side of the Morse instrument. 
The working of the Morse line, if there are many instruments in 
circuit, is also in this way improved. There are several methods of 
producing electric waves in the lines in addition to that already de- 
scribed. 

A tongue similar to those used in harmoniums is made to vibrate 
by air between contact points, and so connect the condenser alter- 
nately with the battery and the ground, and so produce the alterna- 
tions, or it may be made to connect the condenser alternately to the 
+ — pole of a battery whose opposite poles are connected to the 
earth. 

A magneto machine rapidly rotating will do the above 


914 duty equally well if its speed of rotation be controlled by a 
vernor. 
The double speaking apparatus of Dr. Guitt, or of Frischen, can 
be used on lines working with the above-described vibrations. 
Figure 8 is a diagram of this arrangement: a is the line wire; ö 
b, the condensers; ¢c, the cymaphens, wave signal transmitters, 
and parts connected therewith; d d are current-signal keys and 


batteries, and e e are the magnets of Dr. Guitt or Frischen’s receiv- 
ing instruments; and f f are their resistance coils. I prefer wrap- 
ping the magnets e e with three or four wires, using one wire be- 
tween the key and the earth through its resistance-coil, and the two 
or three wires joined into one circuit attached to the line wire. I 
insert a hollow helix between the double speaker and the line, and 
by putting iron rods in this helix the difficulty arising from 
the inductive capacity of the line is almost wholly removed. This 
is a new improvement, and will render these apparatus act- 
ually useful instruments. The helix may conveniently 
915 de of No. 26 silk-covered wire and 10 inches long, with a diam- 
eter inside of 1} inches and outside of four inches; small 
iron rods are placed in this helix one by one until it is found that 
the finger-key does not affect the indicator of the home-receiving 
instrument. By using these instruments these apparatus, together 
with cynaphens, as is shon in figure 8, three messages can be sent 
from end to end of such a circuit at the same time independently of 
each other. For this purpose the cynaphen key must havea spring 
contact, so that the circuit between the condenser and the earth is 
never broken until the contact with the secondary coil is complete. 
I would remark that in electric telegraphs the use of sound signals 
is not claimed by me and is not new; for example, in working step 
by step, instruments in which a pointer should indicate the desired 
letter on a dial, it has been common, when the instrument is out 
of order and fails to indicate correctly, to give sound signals; by its 
means such sound signals are read accordingly to the Morse 
916 alphabet, a short sound, such as the escepement of the receiv- 


a 


ing instrument makes when moving a few steps only, repre- 
senting a dot, and a long sound, such as the escapement makes when 
moving over many steps, representing a dash. 

Having thus described the nature of my invention, and the man- 
ner of performing the same, I would have it understood that I claim 
the construction of electric telegraphs in such manner that current 
signals and wave signals may be simultaneously transmitted through 
the same line wire, and may be rendered sensible at the receiving 
station by separate instruments, the one sensitive to currents of ap- 
preciable duration and the other to electric waves or vibrations. 

I also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the 
line wire a succession of rapid and regular electric waves and, at the 
receiving station, a strained wire, a tongue, or such like instrument, 
adjusted to vibrate in unison with the electric waves, and, being 
magnetized by them, oscillating to and from the pole or poles of a 

magnet in its vicinity. 
917 I also claim, in the construction of electric telegraphs, the 
dividing a conducting wire into sections by instruments 
which I have called echocyme,” which allow current signals to 
pass freely, but stop wave signals, so that whilst the wire is being 
used as a whole for through signals the sections into which it is 
divided may each or all be employed for the transmission of local 


messages. 

I also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the 
line wire a succession of rapid and regular electric waves, and, at 
the receiving station, a condenser consisting of thin sheets capable 
of being agitated by such waves. 

I also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the 
line wire a succession of rapid and regular electric waves, and, at 
the receiving station, an instrument which, on receiving such waves, 
delivers a current of electricity to an indicating or receiving instru- 

ment suitable to be worked with ordinary current signals. 
918 I also claim the combination, with Dr. Guitt and Frischen’s 

double speaking apparatus, of a hollow helix connected be- 
tween the receiving instrument and the line wire, such helix having 
rods or pieces of iron inserted into it. 

In witness whereof I, the said Cromwell Fleetwood Varley, have 
hereunto set my hand and seal this soventh day of October, in the 
year of our Lord one thousand — — hundred and seventy. 

CROMWELL F. VARLEY. IL. s.] 
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DEPARTMENT OF THE INTERIOR, 
UnitTep States Patent OFFICE. 


To all persons to whom these presents shall come, Greeting: 


This is to certify that the annexed is a true copy from the bound 
volumes of the library of this office of the specification and draw- 
ing in the matter of the English letters patent granted John Henry 
Johnson, July 29, 1874, No. 2646, for transmitting musical tones by 
electricity. 

In testimony whereof I, W. H. Doolittle, Acting Commissioner of 

Patents, have caused the seal of the Patent Office to be 
[sEAL.] hereunto affixed this seventeenth day of March, in the 
year of our Lord one thousand eight hundred and seventy- 
nine, and of the Independence of the United States the one hun- 


dred and third. 
W. H. DOOLITTLE, 
Acting Commissioner. 


A. D. 1874, 29th July, No. 2646. 


Transmitting musical tones by electricity. 


Letters Patent to John Henry Johnson, of 47 Lincoln’s Inn Fields, 
in the county of Middlesex, gentleman, for the invention of Im- 
rovements in the Method of and Apparatus for Transmitti 
usical Tones by Electricity.” A communication from abroa 
by Elisha Gray, of Chicago, county of Cook, State of Illinois, 
nited States of America. 


Sealed the 23d October, 1874, and dated the 29th of July, 1874. 
Complete specification filed by the said John Henry Johnson, at 


JOHNSON PATENT, GRAYS MAGNET RECEIVER. . 179 


the office of the Commissioner of Patents, with his petition and 
declaration, on the 29th July, 1874, pursuant to the ninth section of 
the Patent Law Amendment Act, 1852. 


To all to whom these presents shall come : 


I, Jon Henny Jonnson, of 47 Lincoln’s Inn Fields, in the 
County of Middlesex, gentleman, send greeting : 

Whereas, I am in possession of an invention for “ Improvement 
in the Method of and Apparatus for Transmitting Musical Tones by 
Electricity,” and have petitioned Her Majesty to grant unto me, my 
executors, administrators and assigns, Her Royal Letters Patent for 
the same, and have made solemn declaration that the said invention 
is communicated to me from abroad by Elisha Gray, of Chicago, 
County of Cook, State of Illinois, United States of America. 

Now, know ye, that I, the said John Henry Johnson, do hereby 
declare that the following complete specification, under my hand 
and seal, fully describes and ascertains the nature of the said inven- 
tion and in what manner the same is to be performed in and by the 
following statement, reference being had to the accompanying draw- 
ings and to the letters and figures marked thereon, that is to say: 

This invention relates to a method of producing musical tones of 
any desired pitch at any point in an electrical circuit, and consists 
in transmitting a series of impulses of induced electricity of high 
tension, corresponding in number to the number of audible vibra- 
tions constituting said musical tone, through living tissue in contact 
with any resonant substance, or through a coil surrounding a bar of 
iron or the core of an electro-magnet, the succession of currents be- 
ing produced by an induction coil or other apparatus for inducing a 
secondary current, and being caused by the action of any suitable 
circuit interrupter situated in a primary circuit. 

And in order that the said invention may be fully understood, I 
shall now proceed more particularly to describe the same, ard for 
that purpose shall refer to the several figures on the annexed sheet 
of drawings, the same letters of reference indicating corresponding 
parts in all the figures. 

Figure 1 of the drawings represents one form or plan of an elec- 
trical apparatus in which these improvements are embraced ; figure 
2 is a front elevation of the same, and figure 3 is a diagram showing 
an arrangement of parts and circuits which may be employed in 
connection with these improvements. 


A represents the base or frame of the apparatus; B is an induc- 
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tion coil of the usual form provided with the usual primary and 
secondary helices; C is an ordinary vibrating electrotome which, 
when in action, produces a musical tone by the vibration of its 
armature and circuit breaking spring a of a pitch determined by its 
rate of vibration, which rate is dependent upon the length, stiffness 
and adjustment of the spring attached to the armature of the elec- 
trotome; Ci is another electrotome similar to the first with the ex- 
ception that its spring a1 is so adjusted that it produces, when in 
action, a-musical tone of a different pitch from that produced by the 
electrotome C, owing to the different rate of vibration of its circuit- 
breaking spring a1. Other electrotomes may be provided having 
their vibrating springs so constructed and adjusted that when in 
action the series will produce tones extending through one or more 
octaves. These electrotomes are situated in the primary circuit of 
the induction coil B, and when the said primary circuit is broken 
by the vibration of the circuit-breaking springs, secondary currents 
are induced in the secondary circuit of the said coil. 

D, Di are telegraphic keys of the usual form, placed in the pri - 
mary circuit above referred to, which circuit is divided so that it 
passes through both keys and both electrotomes. The keys are 
used for making connection with the battery. 

Figure 3 shows the arrangement of the circuits, G being the sec- 
ondary circuit extending from the induction coil B to the receiving 
station F, the battery; and H the primary circuit from the battery 
through the keys; D, Di, magnets of the electrotomes, C, Ci, and 
the primary circuit of the induction coil B. E represents a suitable 
resonant substance at the receiving station, and consists of a hollow 
cylinder of metal. 

The method of operation of the apparatus is as follows: 
On depressing either of the keys D, Di, the primary cireuit 
from the battery F will he closed through one of the elec- 
trotomes, and the spring or circuit interrupter or of the latter 
will immediately commence to vibrate, producing a musical tone 
of a certain pitch, dependent as before stated on the size and 
adjustment of the spring, and interrupting the primary circuit 
of the induction coil B. These interruptions will induce sec- 
ondary currents in the secondary circuit of the said coil, which 
will correspond in number with the vibrations of the circuit in- 
interrupter, and the number of musical audible vibrations constitut- 
ing the tone produced; thus, for example, if the circuit-inter- 
rupting spring vibrates one hundred and twenty-eight times per 
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second, the tone produced is that known as the “ fundamental C,” 
and at the same time one hundred and twenty-eight terminal in- 
duced currents will be generated in the secondary circuit. 

If now, a person places himself in the said secondary circuit and 
brings his hand or any other part of his body in contact with any 
resonant substance which is a conductor of clectricity, so that the 
circuit is completed through it, the said resonant substance being 
either the metallic cylinder shown at E, or a plate of metal stretched 
above the body of a violin by metallic springs ora sheet of foil paper 
stretched over a metallic ring or any other suitable resonant sub- 
stance, the impulses of electricity transmitted through the living tis- 
sue of the operator will, from some cause not yet fully understood, pro- 
_ duce a corresponding number of vibrations in said resonant sub- 
stance, and a musical tonewill be given forth of a quality dependent 
upon the character of the resonant substance, but of the same pitch 
as that produced by the vibration of the circuit-interrupter at the 
transmitting end. 

Instead of interrupting the primary circuit by vibrating auto- 
matic electrotomes, and thereby inducing the secondary current of 
high tension, which is transmitted to the resonant receiver, the nec- 
essary interruptions for this purpose may be effected by any me- 
chanical device which will produce a sufficient number of interrup- 
tions per second, to cause a musical tone. 

The secondary coil may be dispensed with and the secondary 
currents induced in the primary coil, when the primary circuit is 
interrupted may be transmitted to the receiver for the purpose of 
producing the audible vibrations. 

Another form of the apparatus is constructed as follows: The 
transmision of sound is effected as in the apparatus above described 
by the conversion of electrical impulses of high tension through a 
secondary circuit into audible vibrations, but the apparatus is based 
upon the principle that an electrical current traversing a coil sur- 
rounding a bar of iron or the coil of an electro-magnet causes a 
slight elongation of the said bar or core, which elongations, if they 
succeed each other with sufficient rapidity, will result in a vibration 
of the bar, and the producing of a musical tone. This apparatus is 
shown at Figure 4, transmitting apparatus being the same as in the 
apparatus before described, but the receiving apparatus showa at 
E, consists of an electro-magnet placed in the ordinary circuit; S 
represents a hollow cylinder of metal which is placed upon the 
poles of the electro-magnet and intensifies the sound. 


The uses to which the apparatus may be applied are various. In 
telegraphing, for example, instead of transmitting messages by means 
of a Morse alphabet now in general use, tones of different pitch cor- 
responding to the letters may be employed, which tones can be pro- 
duced more rapidly than printed or impressed dashes can be made, 
and their duration would be shorter than the intermissions now re- 
quired for producing dashes and dots in succession. 

A very slight interval would be necessary between the tones to 
indicate the separation, and as dashes would be indicated by one 
tone and dots by another, all signals would have the same length. 
Instead of using one tone for dashes and another for dots, signals 
could be devised consisting of tones of various combinations. These 
signals can soon be readily learned and read by any operator capa- 
ble of distinguishing tones of different pitch, who by placing his ear 
in contact with the resonant substance, would cause the tones to be 
produced and still have both hands free to receive the message. By 
means of a type-writer an operator could record about eighty words 
a minute. 

The amount of current which is neccessary to produce the effec- 


is almost unappreciable. Less than one-hundredth part of the batt | 


tery power now required enables audible signals to be transmitted 
over long lines. The apparatus can therefore be employed with 
advantage on submarine lines, and the rate of transmission over 
them can be thereby much increased. 

As a telegraph apparatus it is simple, economical and rapid in 
its operation. 

The apparatus may also be employed to transmit tunes from one 
place to another, the vibrating pieces being properly pitched and 
sufficient in number, even the different parts of a musical composi- 
tion each simultaneously played in different places may be trans- 
mitted to the same place, so that the whole will be there audible. 
In the latter case a separate circuit and transmitting and receiving 
apparatus will be required for each part of the musical composition, 
and it will be necessary to beat time by telegraph for each set of 
performances. 

The apparatus can also be employed with advantage in studying 
the laws of acoustics. 

Having now described and particularly ascertained the nature 
of the said invention, and the manner in which the same is or may 
be used or carried into effect, I would observe in conclusion that 
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what I consider to be novel and original and therefore claim as my 
invention is: } | 

First. The method of producing audible musical vibrations of 
any desired pitch in a resonant substance, which is a conductor of 
electricity by transmitting through living tissue in contact with said 
substance, a series of electrical impulses of high tension correspond- 
ing in number with said vibrations, substantially as and for the pur- 
pose hereinbefore described. 

Szconp. The combination of an apparatus for producing a secon- 
dary current of electricity, a series of vibrating electrotomes or other 
circuit breaking devices controlled by corresponding keys, and a 
resonant receiver arranged in a secondary circuit, substantially as 
and for the purpose hereinbefore described and illustrated by the 
accompanying drawings. 

Tump. The arrangement of a series of two or more vibrating 
automatic electrotomes, whose vibrating circuit closers are so ar- 
ranged as to produce tones of different pitch in combination with 
keys for controlling the same, substantially as hereinbefore described 
and illustrated by the accompanying drawings. 

Fourts. The method of producing musical tones by causing the 
vibration of a bar of iron surrounded by a coil of wire or the core of 
an electro-magnet by transmitting a series of induced currents 
through the coil surrounding said bar or coil, substantially as and 
for the purpose hereinbefore described. 

Firn. The combination of an apparatus producing induced 
secondary currrents with a series of electrotomes or other circuit 
interrupters, and an electro-magnet arranged in the secondary cir- 
cuit, substantially as and for the purposes hereinbefore described 
and illustrated by the accompanying drawings. 

In witness whereof, I, the said John Henry Johnson, 
have to this, my complete specification, set my 
hand and seal, the twenty-ninth day of July, one 
thousand eight hundred and seventy-four. 

J. Henny Jonnson, II. S.] 


184 DEFENDANTS EXHIBITS. 


(No. 49). Defendants’ Exhibit, Defendants’ Exhibit 
_“Wheatstone and Cooke Patent.” 


J. A. W., Ex r. 
[Introduced in Record, p. 11.] 


„A. N 1840. No. 8345. 


ELECTRIC TELEGRAPHS. 
WHEATSTONE AND COOKE’S SPECIFICATION. 


To all to whom these presents shall come: 


I, Cakes WHEATSTONE, of Conduit street, Hanover Square, in 
the County of Middlesex, Esquire, for myself and for William 
Fothergill Cooke, of Sussex Cottage, Slough, in the County of Berks, 
Esquire, send greeting : 

Whereas we, the said Charles Wheatstone and William Fother- 
gill Cooke, did, by petition, humbly represent unto Her present 


most Excellent Majesty Queen Victoria, that after considerable ap- 
plication and expense we had invented “ Improvements in giving 
Signals and Sounding Alarms at distant places by means of Elec- 
tric Currents,” and her said Majesty, being willing to give encourage- 
ment to all arts and inventions which may be for the public good, 
was graciously pleased by Her Royal Letters Patent under the 
great seal of the United Kingdom of Great Britain and Ireland, 
bearing date at Westminister, the 21st day of January, one thousand 
eight hundred and forty, in the third year of Her reign, for Herself, 
Her heirs and successors, to give and grant unto us, the said 
Charles Wheatstone and William Fothergill Cooke, our executors, 
administrators and assigns, Her especial license, full power, sole 
privilege and authority, that we or they, by ourselves or themselves, 
or by our or their deputies, servants or agents, or such others as we 
or they should agree with, and no others, during the term of four- 
teen years from the date of said letters patent, should and lawfully 
might, make, use, exercise and vend our said invention within that 
part of Her said Majesty’s Dominions called England, Her Domin- 
ion of Wales and Town of Berwick-upon-Tweed, in such manner as 
to us, our executors, administrators and assigns shall seem meet, 
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and as that we or they shall enjoy the whole profit and advantage 
arising by reason of the said invention during the said term of fourteen 
years, and for that end Her said Majesty requires and strictly com- 
mands all Her subjects whatsoever within England, Wales and 
Berwick-upon-Tweed aforesaid, that they shall not, neither directly 
nor indirectly, make, use or put in practice our said invention or 
any part thereof, nor in anywise counterfeit, imitate or resemble the 
same, or make any addition thereto or subtraction therefrom, 
whereby to pretend himself or themselves to be the inventor or in- 
ventors thereof. And whereas the said letters patent contain a pro- 
viso obliging us, the said Charles Wheatstone and William Fother- 
gill Cooke, particularly to describe and ascertain the nature of our 
said invention, and in what manner the same is to be performed by 
an instrument in writing under our hands and seals, or under the 
hand and seal of one of us, and to cause the same to be enrolled in 
Her Majesty's high Court of Chancery within six calendar months 
next and immediately after the said in part recited letters patent, 
as in and by the same (reference being thereunto had) will more 
fully and at large appear. 

Now, know ye, that in compliance with the said proviso, I, the 
said Charles Wheatstone, for myself and for the said William 
Fothergill Cooke, do hereby declare that our said invention is de- 
scribed and ascertained in manner following, and by the aid of the 
four sheets of drawings hereunto annexed, that is to say: 

Whereas, a former patent was granted to us, the said Charles 
Wheatstone and William Fothergill Cooke, by his Late Majesty 
King William the Fourth, bearing date at Westminster, the 12th 
day of June, one thousand eight hundred and thirty-seven, for im- 
provements in giving signals and sounding alarums in distant places 
by means of electric currents transmitted through metallic circuits, 
and whereof the specification stands enrolled in the Chapel of the 
Rolls, and in that specification it was explained, amongst other mat- 
ters, how the attractive force of occasional or temporary magnetism 
which may be excited in masses of iron (that are not magnets of 
themselves), by electric currents conducted in suitable spiral con- 
volutions around such masses, and be applied for giving signals, and 
for sounding alarums at distant places. Our present improvements 
are for the most part further and improved means of applying 
the said attractive force of occasional magnetism for such pur- 


poses. 
I shall first describe certain apparatus or mechanism which is 
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constructed according to our said improvements, and then at the 
conclusion of this, our specification, I shall point out the particular 
improvements whereof the exclusive use is granted to us by the said 
letters patent. 

An apparatus capable of giving signals and sounding alarms is 
represented in sheet 1 of the drawings hereunto annexed. One such 
apparatus is to be situated at one of the distant places, and another 
like apparatus at the other of the distant places between -which 
communication of the nature of telegraphic intelligence is to be car- 
ried on by giving signals and sounding alarms by means of electric 
currents transmitted through two long metallic wires extending from 
one of the distant places to the other, and forming a metallic sur- 
face in the manner fully explained in our said former specification ; 
that is to say: The said two long conducting wires or telegraphic 
wires forming a continuity of metal and being kept insulated one 
from the other (although laid close side by side), if the end of one 
of the two wires is brought in contact with one pole of a voltaic bat- 
tery and the end of the other wire. with the contrary pole of the 
same battery, the two distant ends of both of the wires being con- 
joined with metallic contact, then the two wires will form what is 
called a metallic circuit, through the whole length of which an 
electric current will be transmitted in consequence of a continual 
transmission of electric action, which, as soon us such circuit is 
formed, begins to proceed from one pole of the battery along or 
through all the length of one wire, and then back again through all 
the length of the other wire with a very great velocity of transmis- 
sion, in order to return to the other pole of the same battery, the 
electric current thereby performing a circuit from the battery and 
back again thereto; and providing the battery is kept in working 
order, the said electric current or transmission of electric action in 
a circuit will continue without interruption or cessation so long as 
the metallic circuit is maintained; that is, so long as the aforesaid 
contacts of the ends of the two wires with the two poles of the 
battery (and so long as the continuity of metal throughout the 
whole length of the two wires and at their distant ends) is con- 
tinued. 

And if one of the said long conducting wires is coiled spirally to 
form a great number of convolutions around the mass of soft iron, 
although the same is not magnetic, magnetism will be excited in 
such mass whenever an electric current is transmitted through 
the aaid circuit and convolutions, and by such occasional or tem- 
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porary magnetism another small piece of iron, being suitably dis- 
posed may be attracted and drawn towards the first mentioned mass 
with a sufficient force and m to give a small action to some 
suitable mechanism ; but if either or both the ends of the two wires 
are disconnected from the pole or poles of the battery, or if the 
wires are disconnected one from the other at their distant ends, or, 
in short, if the continuity of the metal throughout the circuit is 
broken at any part thereof, then the electric current will cease to 
be transmitted, whereupon the said occasional or temporary mag- 
netism will cease also and consequently the aforesaid small piece of 
iron which was previously attracted by such magnetism as aforesaid, 
being no longer attracted, may retreat from the said mass of soft 
iron by the reaction of some smal] weight or spring which is suit- 
ably applied so as to be always operative on the said small piece of 
iron, with a slight tendency to draw the same away from the mass 
of soft iron. But when occasional or temporary magnetism is ex- 
cited therein, then the attractive force of that magnetism will over- 
come the said tendency so as to give motion to the small piece of 
iron in manner above stated ; but on the cessation of the magnetism 
the reacting spring or weight will give a contrary motion to the 
same piece of iron. And in our said former specification the action 
so produced by the attractive force of occasional or temporary mag- 
netism, and the reaction consequent upon the cessation of such 
magnetism, was described as being applied to the sounding of 
alarums in distant places. But the chief object of our present im- 
provements is to obtain (by various means now about to be de- 
scribed) a sufficient diversity of signals from successive alternations 
of such action and reaction for carrying on a telegraphic communi- 
cation of intelligence by means of such signals between distant 
places where duplicates of the apparatus are situated with the 
two (or in some cases three) long conducting or tele- 
graphic wires extending from one apparatus to the other. 
The mechanism which we employ for obtaining diversity of 
signals is of the nature of clock work, and in its simplest form 
may be described as containing parts answering to the escape- 
ment wheel of a clock with its axis, and the seconds’ hand fixed 
on that axis for pointing out seconds on the dial plate. Let the 
said dial plate be divided into twenty-four or thirty or other suit- 
able number of divisions (instead of sixty as is usual for seconds), 
and let each division be numbered or lettered with those characters 
which are to be used for signals, the escapement wheel having 
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twelve or fifteen teeth, that is, half as many teeth as the number of 
divisions and characters on the dial ; also that any suitable kind of 
pallets of an escapement or driver gnd clawker be applied to the 
teeth of the wheel, with the small piece of iron before mentioned 
connected with the said pallets or driver and clawker in any such 
manner as that whenever the said piece of iron is moved, in manner 
already mentioned, by the attractive force of the occasional or tem- 
porary magnetism that is excited by the transmission of an electric 
current through the metallic circuit, which is formed as aforesaid, 
the said motion of the piece of iron shall then cause the wheel to be 
turned round a space just equal to one-half tooth, whereby the 
hand will be moved away from one division and character on the 
dial plate, and carried forward to point to the next adjacent division 
and character thereon; also that whenever by cessation of such 
magnetism consequent on breaking the circuit, the said piece of iron 
returns or moves in a contrary direction by reaction of its aforesaid 
weight or spring, such returning motion shall cause the wheel to be 
turned round a space just equal to another half tooth, whereby the 
hand will be moved forwards to point to another succeeding division 
and character on the dial. This being premised, it may be under- 
stood that an apparatus so constructed may be placed at each of the 
distant places between which telegraphic communication is to be 
carried on, having two long conducting or telegraphic wires extend- 
ing from one such apparatus to the other, and one of those wires 
making like coils or convolutions around the aforesaid masses of 
soft iron belonging to each apparatus, the two apparatuses being in 
every respect alike; and when the two wires are conjoined together 
at their most distant ends, so as to prepare them for forming a 
metallic circuit, then near the end of one wire being connected with 
one pole of the voltanic battery, and the like end or the other wire 
being connected with the other pole of the same battery, an electric 
current will be transmitted throughout their whole length, and that 
current will excite occasional magnetism in the masses of soft iron 
belonging to both the near and the distant apparatus at the same 
time, and by the action already described of that magnetism the 
hands of both apparatuses (those hands having been previously ad- 
justed to point to like characters on their respective dials) will be 
moved simultaneously one division each on their respective dials, 
so as both to point toa like character thereon; and then by dis- 
connectii-g either of the wires from its connection with the battery, 
or by breaking the circuit in any way, the transmission of the electric 


} 


current, together with the occasional magnetism which it had ex- 
cited, ceases in both apparatuses at the same time, whereupon the 
reaction by weight or spring, already described as being consequent 
upon such cessation, causes the hands of both apparatuses to move 
simultaneously one division further on their respective dials, but so 
as both to point to a like character thereon; then by again recon- 
necting the said disconnected wire with the battery, or by otherwise 
restoring the circuit, another repetition of the same action, as above 
described, takes place, and both hands are thereby moved forward 
another division; and then on breaking the circuit both hands are 
again moved another division more, and so on by alternately form- 
ing and breaking the metallic circuit in that manner, the two hands 
may be worked round step by step from one division and character 
on their respective dials to the next division and character, at 
pleasure ; but nevertheless, the two hands will in all cases point to 
a like character on their respective dials, wherefore a person sit- 
uated at one of the said apparatuses can, by alternately forming and 
breaking the said metallic circuit, cause the hands of both appara- 
tuses to move round alike; and by leaving only very short but reg- 
ular intervals between each act of breaking and forming the circuit, 
he can cause the said hands to advance forwards with a continual 
stepping motion without resting long enough at any one character 
on their respective dials to indicate any deciding pointing thereto. 
But when he has thus brought the hand of his own near apparatus, 
and consequently the hand of the other distant apparatus, to point 
to some one character which he intends to use at the time for giving 
a signal, then, by ceasing to go on making and breaking the circuit, 
both hands will stand still, both pointing alike to the said character 
for a sufficient time for his correspondent at the place to observe 
(by the pause that the hand of his apparatus has made opposite to 
the said character on its dial) that he is to note down that character 
as a signal given to him, and after a sufficient pause for that pur- 
pose, then the first mentioned person may resume the aforesaid 
operation of alternately making and breaking the circuit, in order 
to cause the hands of both dials to begin moving forwards again 
step by step, without any decided pause in their motions, until the 
hands are brought opposite to some other character which he in- 
tends to use for giving his next signal, and then he again discon- 
tinues the alternate making and breaking of the circuit in order to 
leave both hands standing still opposite to the said character for a 
sufficient time for his correspondent at the distant place to observe 
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by the pausing of the hand of his apparatus that he is to note down 
the said character as another signal given to him; and after due 
pause, the first-mentioned person may begin again, alternately 
making and breaking the circuit as before, in order to move both 
hands forwards to the character which he intends to use for giv- 
ing his next signal, where he pauses again; and so on he gives 
signal after signal as his communication requires; and when he 
has by so doing completed a sentence of telegraphic communica- 
tion, he brings both the hands to point upwards to a blank division 
or character, and there he leaves them standing still to denote that 
no signal is intended to be given notwithstanding that the hands 
stand still ; in fact they then indicate blank or nothing; and when- 
ever the hands are left so standing at blank, the near ends of both 
the telegraphic wires must be disconnected from the two poles of 
the battery, and the said two ends must be connected one with an- 
other by way of preparation of the apparatus, in order that the per- 
son at the distant apparatus may be enabled to give signals by it in 
return if he desires to do so, for his apparatus is in all respects like 
to the other, and has a battery wherefore, if he separates his two 
ends of the two telegraphic wires one from the other, and then con- 
nects those two ends with the two opposite poles of his battery, 
then a metallic circuit will be formed, and an electric current will be 
transmitted through that circuit, and although excited by the distant 
battery instead of the near one, the current will produce all the 
same effects as already described, viz, it will excite magnetism 
in the masses of soft iron in both apparatuses at the same time, 
so as to cause the hands of both apparatuses to ‘move forwards 
one division each, and then if the person at the distant apparatus 
breaks the said circuits both hands will be again moved forwards 
another division, each by reaction, as already explained, wherefore 
the person situated at the distant apparatus can give signals to the 
person situated at the near apparatus, by alternately making and 
breaking the circuit and by pausing in that alternation whenever he 
has brought both hands to point to the character which he intends 
to use for giving a signal. In fact he can do every thing that has 
been already described as being done by the person situated at the 
near apparatus, so that the whole apparatus is adapted for com- 
municating telegraphic intelligence in either direction. The con- 
struction of the apparatus admits of many modifications in its parts 
and mechanism ; for instance, instead of hand pointing to divisions 
on the dial, a small circular dial, with the characters marked there- 
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on, may be fixed on the axis so as to turn round therewith, and be- 
ing situated behind the dial plate of the mechanism, the said revolv- 
ing dial will be concealed, except one character at a time, which will 
be exhibited through a suitable aperture cut out through the dial 
plate, the effect whereof will be the same as that of a hand, as is 
well known in ordinary clock-work; also the toothed wheel, or 
escapement wheel, or ratchet wheel, with its pallets or driver and 
clawker, may be constructed in various ways well known and com- 
monly used in other mechanism for various purposes, preferring 
that way which will be most certain to move the wheel without fail 
one-half tooth by the action resulting from the excitement of the 
occasional or temporary magnetism, and then one other half tooth 
by the reaction (of a weight or spring) which attends the cessation 
of that magnetism. And in order to facilitate the said motion that 
the wheel with its hand or dial is required to perform, it may have 
a tendency given to it to turn round, by means of wheel work actu- 
ated by a maintaining power of weight or spring in the manner of 
ordinary clocks, and the anchor or pallets which apply to the teeth 
of the escapement that in the usual manner of clocks will prevent 
that wheel from turning more than half a tooth at a time, the action 
of the occasional or temporary magnetism, and the reaction by 
weight or spring being operative alternately on the anchor or pallets 
of the escapement so as to move the same alternately one way, and 
then the other way, with a like motion to that which takes place in 
an ordinary clock when its pendulum is removed, leaving the escape- 
ment complete, and what is called the crotch for connecting the 
same with the pendulum; and instead of an escapement or ratchet 
wheel with teeth projection around its circumference a wheel having 
pins projecting laterally from its flat surface or surfaces may be used 
with suitable pallets to catch and detain those pins, and prevent the 
wheel from moving more than half the space between two of its pins 
at a time; and instead of applying pallets in the ordinary form of 
an anchor, movable about a center or axis, they may be applied to 
a sliding spindle movable endways, in a direction parallel to the 
axis of the wheel. And mechanism may be employed to facilitate 
and expedite the alternate making and breaking of the circuit, 
whereby, as already mentioned, the said action and reaction is 
rendered operative to turn round the wheel and its hand or its re- 
volving dial without pauses, until the character intended to be given 
as a signal is indicated, and then to stop with a decided pause. 
Amongst a diversity of constructions for the parts of the apparatus 
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which may be used, we have found the apparatuses represented in 
the drawings to answer the intended purposes, and I shall now pro- 
ceed to describe the drawings by way of illustrations. 

Sheet I. Figure 1 is a front elevation of the box containing the 
mechanism of clock-work and masses of soft iron with a dial for ex- 
hibiting the characters which are to constitute signals, and also 
clock-work for sounding alarums. Figure 2, is a vertical section, 
showing the interior mechanism sideways. Figure 3, a front section, 
to show the interior clock-work in front. Figure 4, horizontal plan, 
and Figure 5, detached parts to explain the masses of soft iron in 
which occasional magnetism is excited. The same letters and figures 
are used to denote the same parts in all the figures. One such ap- 
paratus as that represented by those figures is situated at each of 
the distant places between which the telegraphic communication is 
to be carried on, the apparatuses at each place being exactly alike. 
A, A, are the plates of the frame united with pillars like the frame 
of a common clock. B, the spring barrel for a maintaining power, 
whereby a train of four wheels and four pinions gives motion to an 
axis a, on which is fixed the escapement wheel 6, and also the re- 
volving dial d, is fixed on the extreme front end of the axis a, so as 
to turn round therewith. The revolving dial 5 is divided into 
twenty-four spaces, and lettered as represented in figured. The 
front of the wooden box or case in which the whole is en- 
closed, has a fixed dial plate c, with an aperture in it, 
behind which the movable dial d is disposed so that the 
characters can be seen one at a time through the aperture. The 
escapement wheel 6 has twelve pins fixed into its rim and project- 
ing out on each side thereof; parallel to its axis is a, the pallets of 
the escapement are two small upright prongs projecting downwards 
from a horizontal spindle e, which is situated over the axis a, and 
which spindle can slide freely endways in the direction of its length, 
to serve as a horizontal slider for carrying the pallets; one of the 
prongs of those pallets being at one side of the wheel 6 is for catch- 
ing the ends of the pins on that side, and the other prong being on 
the opposite side of the wheel, is for catching the ends of the pins 
on that opposite side. The space between the prongs (measured in 
the direction of spindle e) is much less than the length of the pins, 
wherefore, when the spindle ¢ is pushed endways backward, its 
backmost pallet retreats from the backmost end of one of the wheels 
in the wheel, and allows the wheel to turn around until the front- 
most pallet intercepts the front end of the next following pin in the 
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wheel 3, so as to detain the wheel from turning round further than 
half the space between two of its adjacent pins; and then, if the 
sliding spindle e is drawn forwards endways, its frontmost pallet 
comes forward out of the way of the front end, and that pin which 
rested against the said pallet, and allows the wheel to turn round 
until the backmost pallet intercepts the backmost end of the next 
following pin in the wheel, so as to prevent it from turning more 
than another half space between two pins. Note an escapement of 
a somewhat similar nature has been used in clock-work, and is well 
known by the French term eechappement a cheville.” The pallets 
and pins of our escapement are not cut sloping or only very slightly 
so, bevause it is not intended that the wheel shall exert any sensible 
impulse to move the sliding spindle ¢ of the pallets endways either 
way. Thesmall piece of soft iron, V, which is to be attracted by 
occasional or temporary magnetism, as before mentioned, is fixed 
fast on the backmost extremity of the sliding spindle ¢, so as to 
move backwards and forwards with that spindle ¢ (see figures 2 and 
4), and two small horizontal pins are fastened into the said piece of 
iron, V, to project out forwards therefrom, and pass through suit- 
able holes in the frame plate, for the purpose of securing the piece 
of iron, V, and also the pallets of the escapement, from turning 
round about, as the spindle e might otherwise permit them to do. 
That spindle is not intended to operate as an axis, but as a horizon- 
tal slider, m, figures 3 and 4, is the reacting spring, whereby the 
sliding spindle e, together with the piece of soft iron, V, and the 
pallets of the escapement, are always drawn forwards. The acting 
end of the spring m presses forwards behind a small stud which 
stands up from the sliding spindle ¢, out of the boss by which the 
pallets are fixed to that spindle, the middle part of the spring m is 
fastened loosely to the frame plate, by one screw, and the extreme 
tail end of the spring is drawn towards the plate by a regulating 
screw E, by turning which the reacting force of the spring can be ad- 
justed to suit what is requisite for reaction. U U, figure 5, are the 
masses of soft iron in which occasional or temporary magnetism is 
to be excited, as before mentioned. whenever it is required. Two 
such masses, U U, are disposed side by side to form a pair; they 
are of cylindrical form, and each one has a disk of brass or copper 
when fastened upon each of its ends, so that with those disks it 
forms a bobbin, around which is coiled a great length of fine copper 
wire closely covered with silk thread for insulation of one coil from 
another, until the bobbin is completely filled with such coils, and 
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two bobbins thus filled are put together side by side and united at 
one end of each by a connecting cross piece w of soft iron, which is 
fastened to the end of each piece U by a countersunk screw inserted 
into the end thereof. At the opposite end of each piece U a piece 
of soft iron u is fastened in like manner by a countersunk screw, but 
the two pieces u have no connection one with the other. The coils 
of the wire about each of the pieces of soft iron U must go round 
each piece in the same direction of coiling, and the ends of the 
wires coiled about each piece U being united together, the whole of 
the coils around both pieces U will operate like one continuous 
coiling in the same direction, around the two prongs of a horse-shoe 
of soft iron, such as was described in our said former specification, 
and which is commonly called a voltaic magnet, for the two pieces 
U U, when firmly united together, by the connecting cross-piece of 
iron 2, will act the same as the two prongs of a horse-shoe would 
do, but by being made in two pieces, each having the form of a bob- 
bin, the coiling of the wire can be better done, and a greater num- 
ber of coils laid on them could be done around the two prongs of a 
horse-shoe. The mode of making voltaic magnets by coiling of 
covered wire around pieces of soft iron being well known, no further 
instructions can be required for making them in the manner shown 
in figure 5. We prefer to use smaller sized wire for the coils than 
is commonly used for voltaic magnets, because a greater number of 
convolutions of small wire can be wound around the wire U within 
the same bulk, and consequent proximity to the iron, than could be 
done with such large wire as has been usually employed. A voltaic 
magnet constructed as shown in figure 5, and as above described, is 
placed in the apparatus as shown at W W in figures 2, 3 and 4, with 
the two pieces u u, or poles of the voltaic magnet situated opposite 
to the aforesaid piece of soft iron, V, which is fastened on the end 
of the horizontal sliding spindle e, that also carries the pallets of 
the escapement, and the ends 21a, 210, of the coiled wire are to be 
connected with one of the two long telegraphic wires, so as to form 
a part of the metallic continuity thereof, in order that whenever an 


electric current is transmitted along that telegraphic wire, the said. 


current cannot fail to be transmitted along the spiral convolutions 
which the coiled wire makes around the two masses of soft iron, U 
U, that transmission taking place in the same direction around each 
of the two masses U U, and thereupon they will instantly become 
magnetic, so that their two poles, u u, will exert magnetic 
attraction to draw the piece of soft iron, V, towards them, 
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and they will continue to do so as long as such transmission along 
the said spiral convolutions is continued, but the instant that 
the said transmission ceases, the magnetism and attraction will cease 
also, all which are the well-known properties of a voltaic magnet. 
The said magnet W W, is fixed in place in the apparatus by screw- 
ing its cross-piece 2, of soft iron to a brass or copper support u, 
standing up from a flat tablet R, which is applied on the top of the 
frame plates A A, of the clockwork, in such manner as to be capable 
of sliding horizontally by action of a regulating screw, whereof the 
head r reaches to the outside of the case, and by turning that head 
r, the distance of the poles u u, of the voltaic magnet from the piece 
of soft iron V can be regulated, and by that means, together with 
due regulation of the force of the reacting spring m by its regulating 
screw k, before described, the apparatus can be regulated to suit the 
insensity wherewith the occasional or temporary magnetism is ex- 
cited, in order that the attractive force of that magnetism operating 
at the two poles or pieces of iron u u, may not fail to draw the piece 
of soft iron V, towards them with an instantaneous motion, in oppo- 
sition to the strength of the reacting spring m. And also that the 
said spring m may not fail to cause the said piece V, to return or 
retreat from the poles u u, with a like instantaneous motion, as 
soon as ever the occasional magnetism ceases, and every such mo- 
tion of the piece of iron V, whether produced by attraction or by 
reaction, being attended with a corresponding motion of the sliding 
spindle ¢, and of the pallets of the escapement, they will allow the 
escapement wheel ö, and the revolving-dial ö, to turn round one-half 
space of the pins in the wheel and one division of the dial every 
time. And note, the operator may sometimes require to actuate the 
escapement so as to allow the wheel 5, and movable dial d, to turn 
round without any excitement of occasional magnetism. For this 
purpose a small sliding pin is fitted to slide endways through a hole 
in the front of the case, and has a knob P, on the front end of it, to 
be touched when required by the finger. A spring p, is fixed within 
the case to press against the end of the sliding-pin, with a tendency 
to push the knob P outwards. The lower end of the spring p, 
stands opposite to the end of the sliding-spindle ¢, but without 
touching that end, unless the knob P, and sliding-pin is pushed in- 
wards, for then it bends back the spring p, so as to carry back the 
end thereof against the front end of the sliding-spindle e, in order 
to move the same endways in like manner as occasional magnetism 
would do, and then on releasing the button P, the sliding-rod ¢, re- 
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turns by reaction of its spring m, wherefore by alternately pressing 
and releasing the button p, the moving dial d, can be caused to turn 
round at pleasure, which is sometimes requisite (in like manner as 
setting the hands of a clock to time), in order to set the apparatus 
right at first starting, so that it may exhibit the same character as 
its corresponding apparatus at the distant place. For whenever the 
two apparatuses at the near and at the distant places are left stand- 
ing still in the intervals between making telegraphic communica- 
tions by them, the dials d, of both should always exhibit the blank 
character indicating that nothing is communicated ; or a cross +, 
may be marked on that part of the dial d, to indicate the blank, and 
whenever either apparatus does not indicate ＋ or blank whilst it is 
so standing still in the interval between the making of communica- 
tions, then the person in charge of that apparatus will know that 
something is wrong, and he must use the button P, to set the dial of 
his apparatus to show + or blank, and if both apparatuses are set 
in that manner they will be properly prepared for use, for they 
will begin aright by exhibing like characters on their respective 
dials, and then, provided that every part is in good order when they 
are put in operation by means of alternate excitement of temporary 
magnetism and cessation thereof, as hereinbefore explained, the 
mechanism of each apparatus will be operated upon simultaneously 
and precisely in the same manner, the one as the other, so that the 
dials d, of both will be moved round alike, and they will at all times 
exhibit like characters, whether they are moving on step by step or 
pausing or standing still. It is an indispensable condition for the 
successful communication of telegraphic intelligence that both should 
exhibit like characters, and whenever from default of attractive force 
from the magnetism, or of reacting force by the spring end, or main- 
taining power B, in the clockwork, or from partial derangement of 
any part, either apparatus fails to move its dial contemporaneously 
with that of the other apparatus, so as by missing one or more 
times to get behind the other in the characters which it is exhibit- 
ing, then there will be a confusion in the telegraphic communica- 
tion ; but nevertheless the fault will be detected so soon as the person 
who is giving the signals comes to the close of a sentence or series 
of signals, and brings the dial of his apparatus to exhibit + or blank, 
and there leaves it standing still during a sufficient time to denote, 
as previously agreed, that he has come to such close, because the 
other dial, although it also stands still, will not indicate +- or blank ; 
and if after standing still the sufficient time that is observed to be 
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the case, then the faulty dial must be set right by applying a finger 
to the button P, first pressing and then removing it, until the dial 
is brought round to exhibit its cross or blank. And as to the 
mechanism which may be employed as hereinbefore mentioned, to 
facilitate and expedite the alternate making and breaking of the 
metallic circuit which is to be formed for the transmission of an 
electric current through the two long conducting or telegraphic 
wires from pole to pole of the voltaic battery belonging to one of the 
apparatuses, and which said current will be also transmitted through 
all the coils around the voltaic magnets W W, of both apparatuses, 
and by which alternate making and breaking it is that the 
occasional or temporary magnetism of the voltaic magnets 
W W, becomes alternately excited and discontinued, so that 
by the attractive action thereof, and then, by the reaction 
consequent upon its cessation the clockwork is actuated, as 
above described, in both apparatuses alike, in order to 
turn round the dials of both apparatuses simultaneously and simi- 
larly, so as to exhibit like characters by both dials, the said mech- 
anism for making and breaking the circuit may be constructed in 
various ways, but what we prefer, is, to use a movablecircle, having di- 
visions answerable to, and marked with like characters to those on 
the dials d of the two apparatuses, the action of the said mechanism 
being such that the operator, by merely turning round that movable 
circle by his hand or finger, will cause the alternate making and 
breaking of the circuit to take place, as is requisite for actuating 
the clock-work, so as to turn the dials round step by step, in the man- 
ner already explained. And the required alternation of making and 
breaking will be duly performed by the mechanisin now about to 
be described, without other trouble to the operator than that of 
turning the said movable circle steadily round about with a tolera- 
bly slow motion; and as he does so, the dial d of both the appa- 
ratuses are caused, by the alternate making and breaking of the 
circuit, to turn about with a corresponding motion one to the other, 
and also to the motion that is given by the operator to the movable 
circle by his hand ; for, as the several characters thereof pass in 
succession, opposite to a fixed index, the dials d of both apparat- 
uses will exhibit the same character as that character on the 
movable circle which is for the moment opposite to or passing by 
that index ; and when the operator ceases fur awhile to turn the 
movable circle, and leaves it standing still with any one of its char- 
acters opposite to the said index, then the dials of both apparatuses 
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will stand still also, and will both exhibit that said character. It 
will be known by the pause that the dials make in their previous 
motion that the character which they exhibit whilst they do so 
pause is to be noted down by the person at the distant appartaus as 
a signal given to him, but he takes no notice of any of the charac- 
ters which his dial exhibits transiently and in a rapid succession as 
it moves slowly round, but it is when it makes a pause that he must 
observe and note down the character which it then exhibits, as a 
signal given to him ; and, in like manner, the person at the near ap- 
paratus who gives the signal whilst he is turning the movable 
circle round for that purpose, takes no notice of those characters on 
the movable circle which pass in rapid succession by the index 
thereof as he turns it round, but he confines his attention for the 
time to that particular character on the said movable circle which 
he then intends to use for giving a signal, and he turns the movable 
circle steadily but slowly round until he brings that particular char- 
acter opposite to the index, and there leaves it standing during a 
sufficient pause to denote that the said character is given by him, 
and is to be received by his correspondent as a signal. And from 
the office which is to be performed by the said movable circle and 
its mechanism, we call the same a communicator. A communica- 
tor, suitable to be used along with the apparatus represented in 
Sheet 1 (and already partly described), is also represented in that 
sheet, figure 6, being a horizontal plan, and figure 7 a side eleva- 
tion. I is a round wooden board, serving as the base of the com- 
municator, the revolving circle of which is mounted on the upper 
end of an upright pillar or axis J, standing up from the centre of 
the base I. K is the revolving circle, which is fitted by its centre 
on the upper end of the axis J, so as to turn round thereon with an 
easy motion, but with a gentle friction, in order that it may retain 
any position that may be given to it. The upper surface of the re- 
volving circle K is divided the same as the revolving dial, figure d, 
into twenty-four divisions, and each division is marked with one of 
the characters as shown in figure 6, so as to correspond exactly 
with the dial, figure d; and opposite to every character a metal 
pin ꝗ is fixed into the rim of the circle K, so as toradiate out there- 
from, and the pins g form twenty-four handles or figures pins for 
turning the circle round ; by applying the end of a finger to the in- 
terval between two of these pins g, and moving that finger round in 
a circular orbit, it thereby carries the circle K round with it. L is 
a pillar standing up from the base I, just beyond the circle de- 
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scribed by the ends of the finger pins g, for the purpose of sup- 
porting two wire pins s, s, which are fastened one above the other 
into the upper end of the pillar L, and project out horizontally there- 
from in a direction towards the centre of the circle K, one fixed pin 
8 being above and the other below the movable pins 9, which, as 
they are carrried round in circular motion, pass in succession be- 
tween the two fixed pins s, s, but without touching them. The use 
of those fixed pins 6, s, is to serve as the fixed index to the divisions 
and characters around the revolving circle K, and also to arrest the 
progress of the finger when it is moved round in a circular orbit as 
above mentioned, for, when that finger comes in contact with the 
said pins 3, 3, and is stopped thereby, the circle K will stand with 
that one of its twenty-four characters at the index pins s, 8, which 
has been previously selected by the finger (when it was applied to 
the finger pins 9), as the character that the finger was to bring round 
to the index s. It may be considered that the revolving circle K on 
the communicator, with its divisions and characters, is the counter- 
part of the revolving dials d of the clock-work apparatuses, and that 
the fixed index pins s, in designating which of these characters is 
exhibited, correspond to the apertures in the fixed dial plates c, fig- 
ures 1 and 2, through which the characters of the moving dials d 
are exhibited, and with that understanding the arrangements for al- 
ternating, making and breaking the metallic current of the tele- 
graphic wires may be explained as follows: The edge or circumfer- 
ence of the revolving circle K, beneath the part from which the 
finger pins 9 project out, is divided into twenty-four, and at every 
other division the edge is cut out to form twelve notches, being half as 
many as the number of divisions and finger pins 9 in the circle K. 
These notches are disposed at equal distances apart and are filled 
up with pieces of wood which complete the circular form of the edge of 
the rim; but that circular edge is composed of a succession of wood 
and metal surface alternately. A blade spring 2, which is fastened 
to the base I, and stands up therefrom, applies its upper end to the 
said circular edge of the revolving circle K, so as to press against 
the same, and by the elasticity of the spring z, its said end is cer- 
tain to preserve an effective contact with that edge as the same 
turns round, but in so doing the contact of the spring 2 will be al- 
ternately on the wood and on the metal, and when it is on the metal 
the metallic circuit will be established or made, but when on the 
wood that circuit will be broken. The spring z is always kept in 
metallic communication with one of the poles of the voltaic battery 
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belonging to the apparatus, by means of a wire, part of which is 
concealed in a groove cut out in the under side of the wood base I, 
but which wire passes, as shown by dotted lines, from the lower end 
or root of the spring z to a screw button 21 at the edge of the base I, 
and that screw button serves to connect with a wire z?, which extends 
from one pole of the battery, suppose, for instance, the zinc pole; then 
the other or copper pole of the same battery is always connected 
with the end of one of the two long conducting or telegraphic wires 
which extend to the distant apparatus—suppose, for instance, with 
that one of the two which will in future be called 21. Another simi- 
lar blade spring, 22c, stands up from the base I, and its upper end 
applies in continual metallic contact with an interior rim beneath 
the revolving circle K. The metal of that circle is kept, by means 
of the spring 22c, in continual metallic communication with the end 
of the other one of the two long conducting or telegraphic wires, 
which extends to the distant apparatus, and which will in future be 
called 22, for the lower or root end of the spring 22c connects by a 
wire concealed in a groove beneath the base I, as shown by dotted 
lines, with the screw button 221, and to that end of the telegraphic 
wire 22 is connected. There is also a third spring 2lc; spring 21, 
which stands up from the base I and its upper end, applies in con- 
tinual contact with the edge of a circular wooden rim *, which is 
fastened to the under side of the circle K, and revolves therewith. 
The lower or root end of the spring, 2lc, connects by a wire con- 
cealed in a groove beneath the base I, as shown by dotted lines, 
with a screw button 21d, which is connected with the line of the 
long telegraph wire 21, near to that end thereof which is connected, 
as before mentioned, with the copper pole of the battery, so that 
the spring 21e becomes a short off branch from that end of the line 
of the wire 21. And note, for the convenience of connection, there 
is another screw button c1, which connects by a wire with the cop- 
per pole of the battery, and that button always communicates by a 
wire concealed in a groove, beneath the base I, with the next screw 
button 21d, to which the end of the long telegraphic wire 21 is con- 
nected, wherefore the two screw buttons, ld and cl may be con- 
sidered as points upon the line of the long telegraphic wire 21, near 
to that end thereof which is always in connection with the copper 
pole of the battery, and it is at one of those points (for instance, 
21d) that the connection with the spring Ale branches off. The said 
branch and spring, 2lc, produce no effect whatever so long as the 
end of that spring is merely in contact with the edge of its wooden 
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circle h, but there is a piece of metal inlaid into the circumference 
thereof at one place, to which place the spring 2lc applies when- 
ever the revolving circle K is turned round, so that the blank char- 
acter (or +-) on the revolving circle K stands opposite to the fixed 
index pins e, and that said piece of metal in the wooden circle h, 
being always in metallic connection with the metal of the circle K, 
the said contact of the spring 2le with that piece of metal causes 
the end of the telegraphic wire 21 to become connected with the 
end of the other long telegraphic wire 22, because, as already stated, 
the metal of the circle K is kept in continual connection with that 
wire 22 by the continual metallic contact of the spring 22c, where- 
fore whenever the revolving circle K of the communicator is turned 
round so as to bring its blank character (or +-) opposite to its fixed 
index pins s, then the ends of the two long telegraphic wires 21 and 
22 will be connected together, and then those two wires may be 
considered as conjoined into one very long wire, coming by a long 
course, 21, from the distant apparatus to the near apparatus, and 
there making a bend, and then going back again by the long course, 
22, to the distant apparatus; and, at the same time, the upper end 
of the spring 2 applies to one of the pieces of wood in the edge of 
the under rim of the revolving circle K, so as to break off all con- 
nection between the metal of that circle K and the zinc pole of the 
battery, and consequently all connection between that said pole and 
the telegraphic wire 22. Hence whenever the apparatus is left at 
rest, in the interval between successive telegraphic communications, it 
will have the aforesaid connections of its parts, and the position of 
the revolving circle, K, will be at its blank character (or +), and 
that is the position from which every fresh sentence of telegraphic 
communication, that is to be made by the apparatus, must set out 
at its commencement ; and likewise, as already stated, the moving 
dials d, of both the near and the distant clock-work apparatuses, 
must then exhibit their blank character (or +-), and if either of them 
does not do so, it must be set right by aid of the knob P, in manner 
already described. 

Figures 1 and d and 6 and 7, sheet 1, represent the parts in the 
said starting position. These circumstances being understood, the 
mode of giving signals by the apparatus is as follows: Suppose the 
word D A T is to be communicated, the character which is to be 
given as a first signal is to be selected upon the revolving circle 
whilst the same is standing still, and the finger is then to be inserted 
into the space behind that finger pin g, which radiates out from the 
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said character (in this instance the letter D is to be selected), then 
by moving the finger deliberately around in a circular orbit, in the 
direction of the arrow, figure 7, the revolving circle K will be car- 
ried round, and as it moves the revolving dials d of both the clock- 
work apparatuses will move round step by step coincidentally with 
the motion of the circle K, until the finger gets round to the fixed 
pins 3, and there they will stop its further motion with the character 
intended to be given for a signal (letter D in the present instance) 
opposite to those pins , and at the same instant both dials d will 
stop also when they are both exhibiting a like character (letter D), 
and by the pause this dial then makes, the person at the distant ap- 
paratus will know that he is to note down that character (letter D) 
as the first signal given to him. The finger being withdrawn from 
the finger pins ꝙ is then removed to insert it afresh behind the fin- 
ger pin g which radiates out from that character which is to be used 
for giving a second signal (in this instance letter A), and by the time 
that a sufficient pause has been made for noting down the former 
signal, then the revolving circle K is again moved deliberately round 
by the finger until the further motion of the finger is stopped by the 
fixed pins s, and the circle K will also stop with the character in 
question (letter A) opposite to the pins s, and the revolving dials d 
will both have moved round to the corresponding motion to that of 
the circle K, and will stop when it stops, and will then exhibit a 
like character to that at which the circle K has stopped (viz., letter 
_A), which the person at the distant apparatus will note down; and 
then in like manner the third signal (letter V) will be given, after 
which, if the intended communication is completed for the present, 
that fact is to be expressed by turning the revolving circle K until 
it stops at its blank character (or ); both dials will do the same, 
and then all the parts will be at their starting position, as they were 
at the commencement; or if the communication is not finished, but 
only a word of an intended sentence is completed, then the charac- 
ter (—) is to be used as a signal denoting the completion of a word, 
and that may be followed by commencing the next intended word. 
And note, it will be evident that the extent to which the revolving 
circle K will require to be turned round for making each signal will 
vary very much ; for example, in the instance above mentioned of 
the word D AY the first letter D, required the circle K to be moved 
four divisions, then the second letter A required a motion of twen- 
ty-one divisions, and the third letter Y twenty divisions, after which 
it required a motion of three divisions more to bring the parts to 
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their starting position, viz., the blank character or (H, or if it was 
the (—) instead of the blank, a motion of only two divisions instead 
of three would have been requisite. To explain the operation of 
making and breaking the circuit in detail, it must be recollected that 
at the starting or resting position, when the revolving circle K and 
the dials d were all standing at their blank character (or +-), as ap- 
pears in the drawing, that the spring 2 was then in contact with a 
piece of wood on the lower rim of the revolving circle K, and then 
therefore the metallic circuit was broken, because the zinc pole of 
the battery was thereby disconnected from the long telegraphic wire 
twenty-two, to which that zinc pole belongs ; and although the other 
or copper pole of the battery remained connected with the end of 
the other telegraphic wire twenty-one, that one connection alone 
would not produce any of the effect of a circuit; and furthermore, 
the end of the two telegraphic wires twenty-one and twenty-two 
were connected together by the off branch from the end of the wire 
twenty-one, at twenty-one d, to the spring twenty-one c, because 
that spring was then in contact with the piece of metal of the wooden 
circle h, which piece of metal is part of the metal of the revolving 
circle K, and that metal is always in connection by means of the 
spring twenty-two c with the wire twenty-two, so that it may be con- 
sidered as the end thereof; therefore, at the said starting or resting 
position no circuit being formed, there is no transmission of an elec- 
tric current, through the long telegraphic wires, nor is any mag- 
netism excited in the voltaic magnets of either of the clock-work 
mechanism the pieces of soft iron v in each clock-work will be with- 
drawn from the pieces of iron u u at the poles of the magnet, by the 
reaction of the spring m. These circumstances being understood, it 
is easy to trace what change takes place when the revolving circle K 
first begins to move around the piece of metal which is in contact 
with the spring 21 e, passes away therefrom, leaving that spring in con- 
tact with the wood of the circle 4, and thereby the previous connec- 
tion between the near ends of the two telegraphic wires 21, 22 (that 
was effected by means of the spring and off branch 21 e) is broken, and 
the ends of the two telegraphic wires become disconnected one from 
the other, but still leaving the copper pole of the battery in undi- 
vided connection with the end of telegraphic wire A; and as there 
is only one piece of metal in the wooden circle 4, the ends of the 
two telegraphic wires will continue disconnected all the time the re- 
volving circle K goes round until it regains its resting position. 
Also by the same first motion of the revolving circle K, the piece of 


wood in the lower rim & thereof, with which the upper end of the 
spring 2 was in contact, passes away from that spring, and a metal 
part of the said rim 4 éome round into contact therewith ; by that 
contact with the metal of the revolving circle K, the zinc pole of the 
battery becomes connected with the end of the long telegraphic wire 
22 (whereof as before mentioned, the revolving circle K may 
be considered as one end), the copper pole of the battery being in 
connection, as already mentioned, with the end of the telegraphic 
wire21 ; also the distant ends of the two telegraphic wires 21 and 
22, being connected one with the other, in consequence of the com- 
municator at that distant end being at its resting position and effect- 
ing the connection of those ends in the same manner as already de- 
scribed, wherefore, under those circumstances, the metallic circuit is 
formed, and an electric current will be transmitted through all the 
length of both the long telegraphic wires 21 and 22, and consequently 
through all the convolutions or spiral cores W, W, which either of 
those wires makes around the masses of soft iron, U, U, or voltaic 
magnets in the clock-work apparatus, as well at the distant as at 
the near end of the long telegraphic wires and instantaneously on 
the commencement of such transmission through the said coils, the 
occasional or temporary magnetism of the masses U, U, is excited, so 
that the pieces of iron u, u, at their poles attract the pieces of soft iron 
B towards them, overcoming the reacting spring m, and causing 
the escapement to let the wheel E move around half a pin and the 
dial d, one division so as to exhibit the next adjacent character to 
the blank character (or +-), viz.: the letter A, which is the same 
character that the revolving circle K then presents to its index pins 
3; then, as the revolving circle K moves onwards, the metal in its 
rim A passes away from contact with the spring 2, and a piece of 
wood in that rim comes to that spring, whereby the connection that 
it made a moment before with the zinc pole of the battery is discon- 
nected, and the circuit is broken, and then the transmission of the 
electric current ceases, together with the occasional magnetism 
which the transmission has occasioned ; consequently the poles u, u, 
of the voltaic magnet cease to attract the piece of soft iron V, and 
then the force of the reacting spring m draws the said piece V away 
from those poles u, u, and causes the escapement to let the wheel ö 
move round another half pin, and the dial d another division so as 
to exhibit the nextadjacent character to the former, which being the 
letter A, this will be the letter B, and the revolving circle K also 
presents its letter B to its index pins 8, then as the revolving circle 
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K moves onwards the piece of wood in its rim A passes away from 
its contact with the epring z, and the metal part of that rim comes 
into contact, thereby making the circuit again, and instantly it 
transmits an electric current, which produces a renewal of all the 
effects above described, including a further advance of the dials d, 
and the exhibition of their next character (viz. letter C); and as the 
revolving circle K continues to move onward always in the same direc- 
tion, the metal of its rim 4 passes away from its contact with the 
spring 2, and is succeeded by a piece of wood, and the circuit is 
broken again as before, and that causes the dial to exhibit their 
next character (viz: letter D). In that manner the circuit is alter- 
nately made and broken by action of the revolving circle K, with 
the certainty of being decidedly made and decidedly broken at every 
alternation ; and if all the parts are kept in good working order there 
will be no failure of action in the dials d to exhibit a succeeding 
character for every succeeding alternation, although alternation may 
be made to succeed each other with extreme rapidity by turning the 
revolving ‘circle K briskly round; and in order to avoid loss of 
time it will be desirable to turn it as quickly, as it is found by expe- 
rience that the action of the alternate making and breaking of the 
circuit, and the consequent operation of the voltaic magnets on the 
escapement and clock-work, can be performed without risk of failure 
to turn the dials correctly, but how quickly that may be will de- 
pend upon the perfection of the action of the clock-work apparatus 
and voltaic magnets, the conducting power and insulation of the 
long conducting or telegraphic wires, and the perfect contact of all 
the parts which are to form continuity of metal for the circuit. 
And although one of the apparatuses at one end or terminus of the 
line of the long telegraphic wires has been heretofore called the near 
apparatus, and the apparatus at the other end or terminus of that 
line, the distant apparatus, nevertheless that distinction was only 
used to facilitate the explanation and the description of the drawing. 
Sheet 1, which represents only one apparatus, and that one was 
considered as the near apparatus, but in reality no such distinction 
can be fairly established between the two apparatuses, because they 
are both precisely alike, and either one can be used to communicate 
signals to a person situated at the other apparatus, all that is requi- 
site to be observed is, that whenever the two apparatuses are left 
standing still in the interval between telegraphic communications, 
that the revolving circles K of their several communicators shall be 
left standing at their blank character (or ++), in which case all the 


ends, that is, each of the ends of the two long telegraphic wires will 
be connected together by the contact of each of the springs Ale, 
with the piece of metal in the wooden circle à of the communicator 
of each apparatus, as already fully described, whereby the ends of 
both the telegraphic wires will stand thus connected at each terminal 
apparatus, and then in that state the whole apparatus is ready for 
operating to communicate the telegraphic intelligence in either 
direction between the two terminal apparatuses. For if the 
revolving circle K of either one of the communicators is 
turned round it will operate in every respect in 
the manner already explained to give signals at the other apparatus. 
That apparatus at which signals are to be received being invariably 
kept with its communicator standing at its blank (or H) in or- 
der that it may keep up the requisite connection between the ends 
of the two telegraphic wires at that apparatus ; and although it has 
been hitherto described as if there were only two of the apparatus, 
such as represented in Sheet I, one being situated at each of the 
distant places between which telegraphic communications are to be 
carried on by aid of two long conducting or telegraphic wires, ex- 
tending from one of those places to the other, nevertheless it is to be 
understood that any number of such apparatuses may be disposed 
on the line of the said telegraphic wires at intermediate places be- 
tween the two termini or extreme ends thereof, and the coils of wire 
around the voltaic magnets in each such intermediate apparatus be- 
ing connected with one of the two long telegraphic wires, so that 
the said coils constitute a part of the length or extension of the me- 
tallic continuity of that wire, and so that the electric current which 
is to be transmitted through such telegraphic wire cannot fail to be 
transmitted through all the length of those coils around the voltaic 
magnets, then it is evident that the voltaic magnets and the clock- 
work mechanism of every such intermediate apparatus will be caused 
to operate in every respect in the same manner as the two distinct 
apparatuses hereinbefore described, do at the same time operate, 
and, therefore, so as to exhibit like signals by their dials. Hence, 
whatever signal is given from the person at the near apparatus at 
one end of the long telegraphic wires to his correspondent at the 
distant apparatus at the other end of the same wires (or vice versa, 
in a contrary direction), the same signal will also be given at every 
intermediate apparatus, and may be observed by persons stationed 
at them, who will become spectators, or all telegraphic communica- 
tions that are going on in either direction between the two termini, 
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and whenever such signals are intended to be given, especially to 
persons so stationed at any of the intermediate apparatuses, the se- 
ries of such especial signals must be prefaced by some preconcerted 
signal to signify that intention, and also to signify from which of 
the two terminal apparatuses the said signals are given. This sup- 
poses that the said intermediate apparatuses are not provided with 
any communicators or voltaic batteries, whereby persons stationed 
at them can be enabled to operate upon other apparatuses at a dis- 
tance, so as to give signals from the intermediate apparatus, as well 
as receive signals thereby ; but a voltaic battery and a communica- 
tor, such as Figures 6 and 7, may be applied to any intermediate 
apparatus. And in case one of the long conducting wires (for in- 
stance the wire 21) is brought to the communicator of the interme- 
diate apparatus, and its metallic continuity may be there discon- 
nected when required, so as to divide its total extension into two 
portions, one portion extending from the intermediate apparatus to 
the apparatus at one terminus, and the other portion extending from 
the intermediate apparatus to the apparatus at the other terminus. 
The ends of the disconnected wires 21 are connected with the screw 
buttons 21d 22d, by which connection their metallic continuity is 
again restored, for, as has already been explained, when the commu- 
nicator is standing at its starting position the screw button 21d is 
connected by means of its off-branch wire Ale with the blade spring 
Ac, which is then in contact with the piece of metal in the wood 
rim A of the revolving circle K, with the metal of which circle the 
blade spring 22c is in constant contact, and that blade spring 22c is 
united by its branch-off wire with the screw button 22d, to which 
the other disconnected end of the long conducting wire 21 has al- 
ready been united. The communicator of the intermediate appar- 
atus is thus placed in exactly the same position with respect to its 
own apparatus, and the two apparatuses at the two termini for giv- 
ing and receiving signals as the two terminal apparatuses were with 
each other. 

The diagram Figure 9, sheet II, with the writing thereon, is for 
the purpose of explaining the general course of the long telegraphic 
wires 21 and 22, and their connections with the voltaic magnets W 
W of the two terminal apparatuses, together with the requisite 
branches, which have been already described, for connecting the 
communicator K and voltaic battery of each apparatus with the 
ends of the telegraphic wires 21 and 22. If the diagram, Figure 9, 
is considered without the dotted lines it will represent proper ar- 
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rangements for a simple system of two terminal apparatus with their 
telegraphic wires, without any sort of intermediate apparatus, all 
the arrangements of which simple system have been already fully 
described in detail. 

But if the parts drawn in dotted lines are also included then the 
same diagram, Figure 9, will represent the entire system of two ter- 
minal apparatuses, with a complete intermediate apparatus pro- 
vided with its voltaic battery and its communicator, so as to be ca- 
pable of giving signals, as well as its clock-work mechanism, for re- 
ceiving signals. 

Figures 20 and 21, sheet II., represents another form of the ap- 
paratus for the attainment of the same objects as the apparatus rep- 
resented in Figures I, II, III, IV, Sheet I, viz., for the giving of 
signals by means of the alternate attractive force of a temporary 
magnet and the reaction of a spring, but in the present apparatus 
there is no maintaining power for the purpose of revolving the hand 
or dial for the indication of signals, but the movement of the dial 
or hand is caused solely by the alternation of the attractive force of 
temporary magnetism and the reaction of a spring, which is caused 
to produce effects similar to those produced by the apparatus al- 


ready described in Figures I, II, III, IV, Sheet I. I shall employ . 


the same letters as are used in those figures to indicate similar parts 
in the present apparatus. A is a plate supporting the various por- 
tions of the mechanism ; a is the axis, steadied by a light spring; 
on this axis is fixed the escapement little ö, and also a light revolv- 
ing dial or hand d; that dial may be divided and lettered as before 
described, and the escapement wheel 5 must have a corresponding 
number of teeth. The pallets or clawker and driver are two very 
delicate springs terminating in claws projecting from the sliding 
spindle e, with a piece of soft iron V projecting in the other direc- 
tion, towards the magnet W ; one claw of the pallet presses gently 
on one side of the wheel 5 for the purpose of catching the tooth in 
that wheel where the piece of soft iron V is attracted by the mag- 
net, and draws it by its forward motion the space of one-half tooth 
in the direction of the arrow. The other prong on the other side of 
the wheel ö is adapted for driving with its claw another tooth in the 
wheel 6 for another half tooth, as soon as the temporary magnetism 
has ceased to attract the piece V, whereupon the spindle is pushed 
back by the small spring m. It is obvious that when, by employ- 
ing the communicator and its accessories, Figures 6, 7, Sheet I, an 
electric current shall be made to pass by the wires 21a, 216 through 


““WHEATSTONE AND COOKE PATENT.” 209 


the coils around the magnet w, the same will become magnetized 
and will attract the piece of soft iron V, and the wheel 5 will be ad- 
vanced half a tooth, as already explained, whereby the hand on the 
dial on the axis of the wheel 5 will be made to advance, but on a 
cessation of the current by a further movement of the communica- 
tor the spindle will be forced back by the spring m, as the magnet 
will no longer attract the piece of soft iron V, and a further advance 
of the hand or dial will be the result; and in both instances a sig- 
nal corresponding with that indicated by the communicator will be 
exhibited, all which is so closely corresponding with the action 
of the apparatus already so fully described as to need no further ex- 
planation. And, whereas, our aforesaid improvements have been 
hereinbefore described, as if the motion of the dial or hand, Figure 
d, Sheet I, always depended upon the attractive power of temporary 
magnetism and the reaction of a spring m, but a magnetic needle, 
placed within a multiplying coil, may be made to effect the same 
object, Figures 22 and 23, Sheet II, represent such a magnetic 
needle in its coil or multiplyer, Figure 22 being a front view and 
Figure 23 a plan. If the ends of the wire 21a, 21), which form their 
coils around d, the magnetic needle W are made to form part of an 
electric circuit, and if an electric current be transmitted through 
those coils, the magnetic needle will be deflected into the position 
represented in the drawing, and the pallet g fixed upon the axis a 
of the magnetic needle will force the escapement wheel 5 half a 
tooth in the direction of the arrow ; then if the electric current were 
to be transmitted in a contrary direction through the said coils, the 
deflection of the needle will be reversed and the opposite arm of the 
pallet would push the escapement wheel 6 forward through the 
space of another half tooth and so on, and the hand or dial d, Fig- 
ure 23, on the axis a, would indicate a fresh signal with each such 
motion, and at each successive change of the deflection of the mag- 
netic needle, caused by the course of the electric current through 
the coil W being reversed, a fresh indication would be given by the 
dial or hand in like manner, as hereinbefore already explained. 
And respecting the sounding of alarums by the apparatus repre- 
sented in Sheet I., and hereinbefore described, the same means for 
that purpose as were described in our said former specification in 
reference to figure R, Sheet II., of the drawings thereto annexed, 
and as were claimed at the conclusion of that specification as the 
seventh particular of the improvements secured to us by our former 
Letters Patent of the 12th of June, one thousand eight hundred and 
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thirty-seven. But in applying that mode of sounding alarums in 
conjunction with our present improvements, now describing the 
same voltaic magnet, W, W, figures 2, 3, 4 and 5, that we have al- 
ready described, and its manner of action for giving signals, is also 
rendered available for sounding alarums. For this purpose the tab- 
let R which sustains the magnet W, W, as before described, is in 
fact a dove-tailed groove in which a dove-tailed slider N is fitted so 
as to move horizontally across the direction of the length of the vol- 
taic magnets W, W, and that magnet is fixed to and supported by 
the slider N, so as to be moved thereby, and supporting cock N for 
the magnet 5 being screwed to the slider N, and a stem extends hor- 
izontally from that slider through the wood case to the outside, 
having a head O on the end by which it can be moved from the out- 
side ; when the head O is pulled out as far as it will come out, the 
slider N is thereby moved so as to place the voltaic magnet W, W 
in the position shown in the drawings, and hereinbefore described 
with the poles u, u of the magnet W, W, opposite to the piece of 
soft iron V of the escapement, but when the head O is pushed in 
as far as it will go then the slider N, with the magnet W, W, will be 
removed away from the piece of soft iron V, and will by the same 
motion be brought opposite to another like piece of soft iron K, 
which belongs to the alarm, and which piece X is fastened on the 
extreme end of a horizontal sliding spindle z, whereon one detent 
or pallet is also fastened, and whenever the piece X is not attracted 
by magnetism, that pallet intercepts a pin in the fly wheel y of the 
alarum wheel work in order to detain that fly wheel from moving, 
and consequently to prevent the alarum from sounding. The slid- 
ing spindle z is provided with a reacting spring 1, having a regulat- 
ing screw, the same as the regulating screw & for the reacting screw 
m to the slider ¢ of the escapement already described. The wheel 
work for sounding the alarum is actuated by a main spring 8, 
which, by a cog-wheel and pinion, turns the serrated tooth wheel d, 
which, by acting on suitable pallets, moves the hammer of the 
alarum backwards and forwards so as to strike the bell H and sound 
the alarum. On the axis of the serrated wheel v is a cog-wheel 
which, by a pinion, turns the fly wheel y round whenever the piece 
of soft iron X is attracted by the excitement of occasional or tem- 
porary magnetism in the voltaic magnet W, W, when it will draw 
the spindle z endways, so that the detent thereof will release the 
pin in the fly wheel y and allow the alarum to sound, and it 
will continue to do so until the cessation of the said magnetism 
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when the reacting spring 1 will move the sliding spindle z end- 
ways, so that its pallet will again intercept the pin in the fly- 
wheel and stop the alarum. Every apparatus, whether terminal 
or intermediate, being provided with such an alarum, it is to be 
kept prepared for sounding by always pushing in the head O as 
far as it will go, and winding up the springs S and B, if requi- 
site, whenever telegraphic communications have been concluded 
for the present, and all the several apparatuses being left in that 
state will be ready to sound their alarums, and call attention to 
them, and all the alarums, when so prepared, will be sounded 
simultaneously if the communicator of any one apparatus is turned 
away from its resting position, that is, at its blank character (or ) 
or to the next adjacent character, letter A, for instance, or let- 
ter C or E, or any others, whereby occasional or temporary mag- 
netism will be excited in the several voltaic magnets of the dif- 
ferent apparatuses; and every person having charge of an appa- 
ratus, or hearing the alarum thereof beginning to sound, must 
go to the apparatus, and after due pause and attention to the 
manner in which the alarum is sounded, he must then draw out 
the head O, which will remove the voltaic magnet away from 
the piece of soft iron X of the alarum, and bring it opposite 
the piece of soft iron V for the escapement, and then the ap- 
paratus will be ready for use for giving signals in the manner 
already fully described. And note, as the manner of sounding 
the alarums admits of considerable diversity by making pauses 
in the ringing, and varying those pauses, such variations may, 
by previous concert, serve to convey prefatory information as to 
the intention of the series of signals which are about to be be- 
gun, or to denote which of the intermediate apparatuses is to 
expect to receive signals, and from which terminal apparatus they 
will be given. If the occasional magnetism is only excited for a 
moment and then discontinued, the fly-wheel y may be stopped 
by its pin and detent when it has made only one turn, and that 
will produce a certain number of blows of the hammer, and then 
after a pause another like sounding maybe made; or if the mag- 
netism is kept up a little longer, the fly-wheel may be allowed 
to turn twice round before it is stopped, or thrice, so as to vary 
the manner of sounding, as well as by varying the pauses. 
And, whereas, another former patent was granted to the said 
William Fothergill Cooke by Her present Majesty, bearing date at 
Westminster the eighteenth day of April, one thousand eight hun- 
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dred and thirty-eight, for improvements in giving signals and sound- 
ing alarums at distant places by means of electric currents trans- 
mitted through metallic circuits, and whereof the specification 
stands enrolled in the chapel of the rolls, and in that specification 
it was, amongst other matters, explained, and was claimed at the 
conclusion of that specification, under the head designated part F, 
in reference to the sounding of alarums, how the angular motion of 
a magnetic needle that is produced by an electric current trans- 
mitted through coils surrounding a space wherein that needle is in- 
cluded, can be caused to disengage the detaining detent or stop of 
any sufficiently clock or watch work alarum, so as to allow the 
wheel work thereof to be put into motion by the mechanical force 
and action of its own mechanism in order to sound the alarum by 
action of that mechanism. And although an alarum can be sounded 
in that manner by the application of a very slight force for the pur- 
pose of removing the detent, nevertheless, as it is essential to that 
mode that the magnetic needle should exert the whole of the force 
requisite for that purpose, part of our present improvements now 
about to be described is for sounding an alarum by aid of the an- 
gular motion of such magnetic needle when the deflecting force 
thereof is only sufficiently strong to cause a slight angular motion 
of that needle, even although the needle of itself should not have 
sufficient force to produce any sensible mechanical action. This 
improvement is effected by the addition of a hammer F, figure 17, 
sheet IV., which is movable about a horizontal axis as a center of 
motion, and which hammer is lifted by means of pins in a wheel v, 
which is turned regularly round by the maintaining power of the 
clock-work to which it belongs with a continual motion, so that by 
the pins pressing in succession upon the tail or short end of the 
hammer F, its head will be caused to strike blows at regular inter- 
vals, but a stop 6 is fixed in a suitable position to check the descent 
of the hammer, and it strikes its blows upon that stop ö, except 
when the alarum belonging to the said clock-work is to be sounded. 
The clock-work may be of any ordinary construction, urged by a 
maintaining power, and regulated by a pendulum or otherwise, so 
as to keep constantly going ; and if it is adapted to give a speed of 
two revolutions of the wheel v in a minute, when there are four pins 
in that wheel v, the hammer F will strike eight times in every min- 
ute on the stop 5; and immediately beneath the head of the ham- 
mer F the detent D of the alarum part of the clock is situated, by 
which detent D the wheel-work of that alarum is detained and pre- 
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vented from sounding ; but by striking on the stop 6 the hammer F 
is prevented from descending far enough to come in contact with 
that detent D, and therefore the blows of the hammer have no ef- 
fect thereon, unless some piece of metal is interposed between the 
hammer F and the detent D, and then the blow of the hammer on 
the interposed body would be communicated to the detent D, so as 
to depress the same sufficiently to release the wheel-work of the 
alarum, and then the alarum will be sounded by the action of its 
own mechanism. The said interposition of a piece of metal between 
n the hammer F and the detent D is effected by the upper end of the 
0 magnetic needle G, when the same is caused to perform an angular 
motion about its center by action of an electric current as aforesaid, 
. and however slight the deflecting force of the needle may be, if it is 
} sufficient to produce so much angular motion of the needle as to in- 


terpose its upper end between the detent D and the hammer F, it 
will suffice for sounding the alarum, because it has only to transmit 
to the detent D the blow of the hammer which was before inopera- 
tive thereon. The manner by which the requisite angular motion 
of a magnetic needle is obtained by means of an electric current, 
having been fully explained in the said former specifications, need 
not be repeated. And it is obvious that other machinery, actuated 
by a maintaining power, with forcible motion, and capable of regu- 
lating the speed of its own motion, may be made to perform the 
duty above ascribed to clock-work in alternately raising and let- 
ting fall a hammer, or otherwise striking, so ag to cause the dis- 
charge of a detent in consequence of the interposition of the end of 
a magnetic needle, or else of any hard substance which may be 
moved or cause to be moved by an electric current, whether a mag- 
netic needle or a piece of iron, attracted by temporary magnetic at- 
traction, so as to become interposed between the body so moved by 
machinery and the detent of the alarum. And although our afore- 
said improvements have been hereinbefore described, as if the afore- 
said occasional magnetism in the voltaic magnets W would always 
be excited by an electric current, excited by a voltaic battery, yet it 
is not essential that the electric current is caused by any means to 
pass through the coils round the magnet W, occasional 

will be excited in such magnet by such current, and all the effects 
hereinbefore described as arising from the aforesaid excitement of 
occasional magnetism, by means of an electric current excited by a 
voltaic battery, will follow in the same manner from an excitement 
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of a like continuatior. of occasional magnetism by an electric cur- 
rent excited by other means. 

By the further improvement now about to be described, a mag- 
neto-electric machine is substituted for a voltaic battery for the 
purpose above mentioned, and the same may, under some circum- 
stances, be a more convenient agent, as requiring comparatively lit- 
tle or no care and attention. } 

Figures 18, 19, 20, Sheet IV., is a magneto-electric machine, 
which may be of ordinary construction. WI is a temporary magnet 
of a similar description to the magnet W, hereinbefore described, 
and the same is fixed upon an axis à in suitable proximity to the 
permanent magnet W. Such being the position of the parts, it 
will follow, from the well-known laws of magneto-electricity, that 
while the temporary magnet WI is at rest with either of its poles 
opposite to either of the poles of the permanent magnet W“, no 
electric current will be excited in the coils of wire round the tem- 
porary magnet WI by the proximity of that magnet to the per- 
manent magnet W? ; but let the temporary magnet W' be moved 
by revolution of its axis, so as to change its said supposed position 
of parallelism to the permanent magnet W? into any other position 
relatively to such magnet, a momentary electric current will be ex- 
cited in the coils round the temporary magnet W' (supposing them 
to be a complete metallic circuit) at the moment the change of 
position takes place, and the electric current so excited might be 
caused to excite momentary occasional magnetism in the magnet 
W, by which occasional magnetism so excited all the same effects 
would be produced, and all the same consequences would follow as 
would have followed from the excitement of a like continuation of 
occasional magnetism by an electric current excited by a voltaic 
battery. Such being the case, it is obvious that the descriptions 
hereinbefore contained in reference to figures 1, 2, 3, 4, sheet I., 
relative to the use of electro-magnetism for purposes of telegraphic 
communication, so far as the same may be applicable to the use of 
electro-magnetism of only momentary duration, are capable of be- 
ing easily applied to the use of magneto-electricity for the same 
purpose, so that further descriptions in that respect are unneces- 
sary. The difference between the use of electro-magnetism, as 
hereinbefore described, and that of magneto-electricity as now being 
described, consists, therefore,in the momentary duration of the 
latter as contrasted with the continuous action of the former. The 
practical effort of this difference is, that whereas by electro-magnet- 
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ism a distinct and available signal is obtained by each action, and 
one by each reaction of the escapement wheel, on the other hand 
by magneto-electricity an available signal is obtained by the reac- 
tion alone, because the action of the occasional magnetism upon 
the escapement wheel is merely momentary, and does not admit of 
the signal being prolonged for a sufficient time to be intelligible ; 
consequently the revolving dial, hereinbefore described as giving 
twenty-four signals under the influence of electro-magnetism, would, 
if submitted to the influence of magneto-electricity, according to 
our present improvement, give only twelve signals. The above 
particulars being understood, it may easily be explained how mag- 
neto-electricity is made available as a means of exciting occasional 
magnetism, the occasional magnetism being, as already described, 
excited by a change of the position of the temporary magnet W. 
relatively to the permanent magnet W“, it is obvious that, in the 


particular instrument now under description, such occasional mag- 


netism must be excited primarily by means of the motion of the 
axis a, by which alone such relative position of the temporary mag- 
net can be changed. For the purpose of acting upon the axis in a 
convenient manner, it is made to terminate in a small cog wheel & 
working into a large cog wheel, K. The large cog wheel may be 
considered as performing an office nearly similar to the communi- 
cator hereinbefore described, for it is divided into twelve equal 
parts by twelve pins projecting from one side of its rim, each pin 
representing one of the twelve signals which the apparatus is capa- 
ble of giving, and being suitably marked accordingly. The cogs in 
the two wheels are so arranged that a motion of the large wheel, K, 
through one of its twelve divisions—that is to say, so that any one 
of its pins being at first opposite to any given point, the wheel is 
moved till the next pin becomes opposite to the same point—the 
axis of the temporary magnet will thereby be caused to perform 
half a revolution, so as by changing the relative position of the said 
temporary magnet, and consequently by exciting momentary oc- 
casional magnetism, to give by reaction one signal as hereinbefore 
mentioned, and so also as to replace the temporary magnet in a 
suitable position for a repetition of the process. But inasmuch as 
the temporary magnet has performed only half and not an entire 
revolution, the position of its poles relatively to those of the per- 
manent magnet has become reversed, consequently further mechan- 
ism is necessary for the purpose of causing the next electric cur- 
rent, which may be excited, as aforesaid, to flow in the same direc- 
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tion as before, and not in a contrary direction. This object is at- 
tained by interposing a disc, p, between the magnet WI and the 
small cog wheel k. A simple form of the disc might be a solid disc 
of brass or copper, containing merely a narrow strip of wood or 
other non-conducting material extending from side to side through 
its centre, so as to divide the whole disc into two solid semi-circular 
insulated pieces of metal, or else the disc may be (as shown in 
Figures 18, 19, 20), merely coated by plates of metal insulated from 
each other by an interposed piece of wood. Whichever form may 
be adopted, the end of one of the coils is to be fastened to one of the 
pieces or plates of metal, and the end of the other coil to the other 
piece, so that the ends of the two coils may be insulated from each 
other, and that the end of each may terminate in a distinct metallic 
piece or plate forming part of the said disc. The arrangement is 
such that whenever the two poles of the temporary magnet Wi are 
placed in either direction opposite to the poles of the permanent 
magnet W., the two pieces or plates of metal of the disc p, and 
consequently the ends of the coils connected with them, as afore- 
said, are respectively in necessary connection with the two springs 
zz (viz., one of such pieces or plates of metal with one spring and 
the other with the other spring), and the said springs with the but- 
tons and wires belonging to and connected with them form one 
continuity of metal so as to combine the said coils and the continu- 
ation thereof into one metallic circuit capable of transmitting an 
electric current upon a change of the position of the temporary 
magnet WI, as aforesaid. But when, by means hereinbefore de- 
scribed, the axis a is caused to perform half a revolution, as afore- 
said, the same half revolution of the axis occasions also half a revo- 
lution of the disc p, and the arrangement is such that although at 
the end of such half revolution of the said disc the metallic pieces 
or plates thereof are still placed in such positions as to complete 
the continuity of the metallic circuit, nevertheless there is occa- 
sioned by such half revolution of the disc a reversal of the springs 
2 2, with which the metallic pieces a, plates were before in contact ; 
consequently, by the reversal of the springs the aforesaid reversal 
of the poles of the temporary magnet WI is neutralized, and the 
electric current is on every excitement thereof, as aforesaid, trans- 
mitted in the same direction from the springs 2 2 into the wires 
communicating therewith. And it has already been explained that 
the exhibition of the characters which denote signals may be made 
by a movable index, or hand like the seconds’ hand of a clock, 
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pointing to characters on a fixed dial, instead of a movable dial d, 
as represented in the apparatus, sheet I. A moving hand may be 
preferred as being lighter and more readily put in motion than a 
moving dial, but when a hand and fixed dial is used, the communi- 
cator shall be a counterpart thereof, having its character fixed in a 
circle with a movable index to point out them, instead of having its 
characters on a movable circle with a fixed index to point to them, 
as is represented in sheet I., and already described. 

Sheet III., represents an apparatus for affecting the same pur- 
poses as that already described, but constructed with a movable 
hand to point to characters on a fixed dial, and with a communica- 
tor suitable for that mode of indicating the characters. And where- 
as it is proper for the person who is giving signals by aid of the 
communicator to keep his eye upon the dial of his own apparatus 
(whether it be a moving dial or a moving hand), in order to observe 
and keep watch whether the signals which he intends to give are all 
truly exhibited), and that his communicator and his dial concur 
truly in exhibiting the same characters, it will greatly facilitate such 
observing and watching of the progress of the dial or hand if the 
circular motion of the communicator is made concentric with and 
round about that of the dial or hand, which may be done by making 
the movable circle of the communicator a circular ring fitted to move 
around the circumference of the dial which occupies the interior of 
such ring. The apparatus represented in Sheet III. is constructed 
in that manner. And whereas it has been hereinbefore described 
that the resting position of the apparatus when no telegraphic com- 
munication is going on is a period of inaction of the occasional or 
temporary magnetism of the voltaic magnets, it should be under- 
stood that the same is not a necessary condition, for the apparatus 
may be constructed so as to remain at rest during the excitement of 
the occasional magnetism, which must in that case be kept steadily 
maintained during all the time of the intervals between making tele- 
graphic communication by the apparatus. The apparatus represented 
in sheet III. is constructed in that manner. And, whereas, according 
to the description hereinbefore contained, although the attractive 
force attendant upon the excitement of occasional or temporary 
magnetism in the voltaic magnets is caused to produce the action 
requisite for giving signals, nevertheless that action is always fol- 
lowed by reaction by the force of a reacting weight or spring, which 
is overcome by the attractive force of the magnetism when the same 
is excited, but on the cessation of the magnetism then that reacting 
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force operates to give the next succeeding signal. It should be un- 
derstood that the same is not a necessary condition, for the appar- 
atus may be constructed to employ two voltaic magnets for exerting 
attractive force alternately, by exciting occasional magnetism first in 
one voltaic magnet and then in the other, in order that a piece of 
soft iron, situated between the two may be attracted and moved 
first one way by one magnet for giving one signal, and then the con- 
trary way by the other magnet for giving the next succeeding signal, 
without any reacting spring. The apparatus represented in sheet 
III. is constructed to operate in that manner. It requires for that 
purpose to have three long conducting or telegraphic wires, 21, 22 
and 23, whereof one wire, 21, extends by a direct course from one 
pole of the battery, at one terminal apparatus, to the contrary pole 
of the battery at the other terminal apparatus, without forming any 
coils around any of the voltaic magnets. The other two telegraphic 
wires, 22 and 23, extend from the two voltaic magnets in one termi- 
nal apparatus to the two voltaic magnets in the other terminal appar- 
atus, that is, one of those two wires, 22, makes coils around the 
right-handmost voltaic magnet of each of the two terminal appar- 
atuses, and the other of those two, 23, makes coils around the left- 
handmost voltaic magnet of each of the two terminal apparatuses. 
Both wires, 22 and 23, are occasionally coupled together at their 
two ends, and the coupled ends are connected with the poles of the 
batteries at the two terminal apparatuses, viz., to the contrary pole of 
each of those batteries to that pole thereof to which one end of the 
wire 21 is connected. The metallic circuit which is then formed in- 
clades all the three long telegraphic wires, 21, 22 and 23, and the 
electric current which is transmitted in one direction through that 
circuit is divided between the two coupled wires, 22 and 23, and oc- 
casional or temporary magnetism is then excited in all the voltaic 
magnets at the same time; but this is not always the case, for at 
other times, one or other of the two wires, 22 and 23, is discon- 
nected at one or other of its ends (not both) from the batteries, and 
then that wire ceases to form part of the metallic circuit, and the 
voltaics magnet, around which that wire forms coils (being one of the 
two magnets in each apparatus), will cease to be excited, leaving the 
other of those two magnets excited. For instance, if the wire 23 is 
disconnected at one of its ends, leaving the fellow wire 22 connected 
at each of its ends with the two terminal batteries, then the electric 
current that is transmitted through the wire 22 will excite occasional 
magnetism in the right-handmost voltaic magnet of each of the ap- 
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paratuses, whereby the several pieces of soft iron in those appar- 
atuses will all be attracted towards the right hand ; but, on the con- 
trary, if the wire 22 is disconnected at one of its ends, leaving the 
fellow wire 23 connected at each of its ends with the two terminal 
batteries, then the electric current that is transmitted through the 
wire 23 will excite occasional magnetism in the left-handmost voltaic 
magnet of each apparatus, whereb; the several pieces of soft iron in 
those apparatuses will all be attracted towards the left hand. The 
conditions being premised, the construction of the apparatus, rep- 
resented in sheet III., may be thus described: Figure 11 is a plan 
of one terminal apparatus, and figure 12 the other terminal appar- 
atus ; figure 13, being an intermediate apparatus, which, in order to 
simplify the description, may for the present be supposed not toex- 
ist, but that the two long telegraphic wires, 22 and 23, extend from 
figure 11 to figure 12, as is shown by the mere double lines without 
color, which pass over figure 13, without any connection with that 
figure. The two terminal apparatuses, figures 11 and 12, are exactly 
alike, although those two figures are drawn rather different, in order 
to explain interior or exterior parts; and figure 14 is a vertical sec- 
tion of both or either apparatus to show the interior mechanism. 
The wooden box or case of the apparatus is shaped somewhat like 
a small writing desk, for when the case I is placed on a table or 
horizontal plane, the upper side of the case forms an in- 
clined plane or surface on which the revolving circular ring 
K of the communicator appears surrounding the fixed dial 
e, whereon the characters are marked, and to which 
the movable hand d points. A handle 9 is fixed to the 
revolving ring K, and projects upwards and onwards therefrom in a 
convenient manner for applying the hand or a finger thereto, in 
order to turn it around; and ¢ is a small pointer which projects in- 
wards from the handle 9, in order to point to divisions which are 
marked around the fixed rim J, about which the ring K revolves as 
its centre of motion ; and the same characters around the dial c, to 
which the hand d applies and points in order to indicate the signals, 
also serve for directing, by aid of the pointer , where the handle 9 
of the communicator K shall be turned to and stopped, in order to 
communicate each signal, and as the communicator K is turned 
steadily and deliberately round by its handle , the hand d will be 
turned round at the same rate by the action of the occasional mag- 
netism and the clock-work, so as to keep the point of the hand d 
always directed towards the pointer 6, that is, provided that the ap- 
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paratus acts correctly ; but if it does not, the fault cannot escape 
observation; the hand d will not be directed towards the pointer s, 
as it ought to be. The clock-work is contained in the box beneath 
the dial. A A (figure 14) are the plates of the frame of the clock- 
work ; B, the spring barrel for the maintaining power, which acts by 
a cord or chain and fusee (which fusee does not appear in figure 14) 
and with a train of three wheels and three pinions to turn the axis a 
of the escapement wheel , the end of which axis a passes through 
the dial plate c, and has the hand d fixed upon the extreme end of 
it. The pallets or anchor of the escapement is affixed to an axis c 
as their centre of motion, beyond which a lever arm projects out 
from the anchor (see figures 13 and 14), and the soft piece of iron V 
is affixed to the extremity of that lever arm in a proper position be- 
tween the pole pieces u, u of the two voltaic magnets W, W, W, W, 
whereof one magnet is supported by a cross bar n, fixed at one side 
of the two clock plates a, a, and the other magnet to a like cross 
bar n at the other side. Those magnets are (or may be) the same as 
represented at figure 5, sheet I, and hereinbefore described. Each 
magnet consisting of two cylindrical pieces of soft iron, with a num- 
ber of coils of wire around it, the two pieces so coiled being united 
together at one end of each by a connecting piece of iron w, 
and two such magnets being used ; they are supported by screwing 
their respective connected pieces w to the supporting cross bar u of 
the frame. The pieces of iron u, u, which are fixed to the ends or 
poles of each of the magnets W, W, W, W, are opposite the other, 
leaving such space between them as is suitable for the reception of 
the piece of soft iron V of the escapement, and for the extent of mo- 
tion which that piece of iron requires to have, in order that the escape- 
ment may act properly, to permit the teeth of the escapement wheel ö 
to escape half a tooth a time, in the usual manner of clock escape- 
ments, excepting that the teeth of the escapement wheel 5, and those 
parts of the pallets which act therewith are cut with a much greater 
slope in respect to each other than is usual in well-made clocks, in 
order that the effort which the maintaining power of the spring B 
exerts to turn the escapement wheel ö round may operate to urge 
the pallets first one way and then the other with so much force as 
will keep them effectually in motion from right to left and back 
again from left to right alternately, without any chance of their re- 
sistance, when left to themselves, being ever able to stop the motion 
of the wheel 6. But when occasional magnetism is excited in both 
the voltaic magnets, between which the piece of soft iron V is in- 
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cluded, the attractive force of that magnetism, although operating 
upon that piece V, at opposite sides thereof, will nevertheless act 
so much more powerfully on that one side of the piece V which is 
nearest the magnet on that side as to effectually detain the said piece 
V from moving, notwithstanding the tendency of the wheel 5 to move 
the same. For, as every magnet acts with a very great increase of 
attractive force upon a piece of iron which is so far very near to it 
as almost to touch over and above the attractive force of the same 
magnet can exert on the same piece of iron when it is removed to a 
small distance, it follows that when, by action of the escapement, 
the piece of iron V has been moved as far as it can go towards 
either of the voltaic magnets, for instance, the right-handmost (both 
being equally excited); it will then stand so very near to the pieces 
of iron u, u, at the poles of that right-handmost magnet, that al- 
though it does not actually touch them, nevertheless the attractive 
force of those pieces u, u will most completely overpower all the 
effort that the escapement can exert to move the piece V back again 
or towards the left hand, and that notwithstanding the other or left- 
handmost magnet is at the time exerting its attractive force upon 
the piece of iron V to draw it towards the left hand, because the 
said attractive force is so much lessened by the distance at which it 
acts upon the piece V, that, although acting in concert with the ten- 
dency of the escapement, it will not be able to move the piece V in 
opposition to the very much stronger force wherewith the other or 
right-handmost magnet, owing to its proximity, holds the piece V 
towards the right, wherefore the piece V will be effectually detained, 
and the escapement wheel 4, together with the hand d, prevented 
from turning, but will stand motionless, pointing to the same char- 
acter on the dial c so long as the excitement of both magnets is con- 
tinued. And it is to be understood respecting the action of the ap- 
paratus, sheet III., so long as the spring B of clock-work continues 
wound up, that in all cases when the hand isso kept standing motion- 
less, pointing to the character on the dial e, it will be when both magnets 
are excited with occasional or temporary magnetism at once, as above 
described, although when the hand is so resting it will be sometimes 
with the piece of iron V attracted or detained by action towards 
the right-hand voltaic magnet, and at other times towards the left- 
hand voltaic magnet. But whenever the said occasional magnetism of 
that voltaic magnet against or towards what the piece of iron V is 
so held attracted and detained (suppose, for instance, the right hand) 
ceases for a moment, then the said piece V, being no longer attracted 


222 DEFENDANTS EXHIBITS. 


towards the right, will obey the influence of the escapement and allow 
the same to let one half tooth of the wheel 5 escape, so as to turn the 
hand round fron one character to the next, for that said influence causes 
the piece V to retreat to the left away from the said right hand- 
most voltaic magnet, against which it was before held and detained, 
and to approach very suddenly towards the opposite or left-hand- 
most voltaic magnet which does continue to be excited, and whereof 
the attractive force towards the left, although slight, acts in aid of 
the said influence of the escapement; but the united tendency of 
the said attractive force to the left, together with the tendency of 
the escapement was not sufficient to move the piece V towards the 
left away from the right-handmost voltaic magnet, to which it was 
near, until the magnetism thereof ceased. That cessation may be 
only momentary, and the same right-handmost voltaic magnet may 
be excited afresh, but it will not in consequence recall the piece of 
iron V back again towards it, notwithstanding that the escapement 
now tends to move it back to the right, because the left-handmost 
voltaic magnet now attracts the piece of iron V with the greatest 
force in consequence of the nearness thereof; and in detaining the 
piece V from moving will keep the escapement wheel and the hand 
standing still until the temporary magnetism of the left-handmost 
voltaic magnet is caused to cease for a moment, and then the piece 
V, being no longer attracted thereby, will move away therefrom 
towards the right and allow the escapement wheel ö to turn another 
half tooth and turn the hand round to another character, and so on 
every time the occasional magnetism of either voltaic magnet is 
caused to cease for a moment the escapement wheel is allowed to 
move round half a tooth. And the requisite making and breaking, 
of the circuit which will produce such momentary cessations of the 
occasional magnetism of first one voltaic magnet and then the other 
suitably for the above purpose, and which it is the office of the 
communicator to perform, may be thus explained: The revolving 
circle ring K has teeth around its circumference which act in those 
a small pinion, on the axis whereof a small circle or wheel 4 is fixed. 
The number of the teeth on the ring K exceeds those of the pinion 
as many times as there are teeth in the escapement wheel ö; (in the 
present instance that is fifteen teeth, the dial being divided into 
that number, or thirty divisions and characters); hence the small 
circle & is caused to make one-half turn for each character. It has 
a piece of bone or wood fitted into a large notch in its circumference, 
and the rest of the circumference is metal, which metal is always 
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kept connected with the pole of the battery by a wire 21. Two 
springs, 222 and 232 apply with their extremities in contact with 
opposite parts of the circumference of the circle h, and those springs 
are always in connection with the ends of the two long telegraphic 
wires 22 and 23, which as before mentioned, form coils around the 
several voltaic magnets, one wire around the right-handmost, and 
the other wire about the left-handmost of those magnets. As the 
circle à turns round one or other or else both of the springs 222, 
232, form contact with the metal of that circumference, and thereby 
they connect one or other or else both the telegraphic wires 22 and 
23 with the pole of the battery. The piece of bone in the said cir- 
cumference applies sometimes to one spring 222, sometimes to the 
other 23z, but never to both, wherefore sometimes one telegraph 
wire, 22, and at other times the other telegraph wire 23, becomes 
disconnected during a moment from the battery. The course of 
the several wires is so evident from the drawing as to require no 
further explanation. Whenever either apparatus is left standing 
still, and no telegraphic communication is making by it, then the 
handle g of that communicator K must be turned upwards, to 
point by its pointer s to the blank character on the dial as is the case 
in Figure 13, and then the circle à stands with the metal part of 
the circumference in contact with both the springs 222, 232, and 
consequently that end of both telegraphic wires 22 and 23 are con- 
nected with the pole of the battery at that terminus. The other 
apparatus, Figure 11, is represented in the act of giving a signal, 
the revolving circular ring K of its communicator being turned 
round by its handle 3 until its pointer is directed to the character 
on the dial, which character may denote the conclusion of a word, 
and that the commencement of a succeeding word in the telegraphic 
communication is about to be given. The hand d points to the 
same character and so does also the hand of the other apparatus, 
Figure 13, and indicates to the person stationed at that apparatus 
that he is to note down that character as a signal given to him. 
The circle 4 in Figure 11 now presents the metal part of its cir- 
cumference to the two springs 222, 23, and therefore that end of 
both telegraphic wires are connected with the battery at that termi- 
nus, and the opposite ends, Figure 13, of the same two wires, 22, 
23, being also connected with the battery at that terminus, it follows 
that all the voltaic magnets (right hand as well as left hand) will be 
excited, and, as already explained, both terminal apparatuses, Fig- 
ures 11 and 13, will detain their pieces of iron V and the pallets of 


r 1 N = 


224 DEFENDANTS EXHIBITS. 


their escapements from allowing their respective escapement wheels 
3 and hands d from moving. When a succeeding signal is to be 
given (suppose character letter G, for instance) then the handle ¢ 
is to be moved steadily round until that handle and its pointer ¢ 
gets round to point to that said letter G on the dial; and as the 
circle of the communicator K moves round the handle d will accom- 
pany it with a corresponding motion, and also the other d, Figure 
11, will move at the same rate, so as always to point to the same 
characters one hand as the other. This advancing motion of the 
two hands step by step, alike is produced by momentary cessations 
of the excitement of magnetism in the several voltaic magnets alter- 
nately in the right-hand ones and in the left-hand ones, as already 
fully explained, that alternation being according as the piece of 
bone in the circumference of the revolving circle A is turned 
towards a left-hand spring 232, or towards a righthand spring 222, 
for to which ever side and spring that bone is for the time turned 
it will cause a momentary discontinuance of the excitement of the 
voltaic magnet on that same side; but that discontinuance is only 
momentary, because the handle 2 makes no stop in passing round 
from one character to another which is to be indicated, but is moved 
steadily round; and as the circle 4 then revolves quickly its piece of 
bone runs past the end of that spring, to which in turn it presents 
itself in an instant, and whenever the handle g and revolving circle 
K of the communicator is brought to rest it will be with its pointer = 
exactly over a division on the fixed circle J thereof, and with the 
pointer s opposite to a character on the dial, in which case the piece 
of bone will be either at the lower or else at the upper part of the 
circle A, out of the way of contact with either of the springs 222 or 
We, which will both be in contact with the metal of the circle A, 
and consequently both telegraphic wires 22 and 23 will be con- 
nected with the batteries, and all the voltaic magnets will be ex- 
cited. And note, owing to the larger portion of the circumference 
of the circle à being metal and only a small portion thereof of bone, 
it follows that the contact of one spring with the metal will always 
take place before the other spring quits contact with the metal, by 
which means the re-excitement of the voltaic magnets on one side 
will always precede the discontinuance of the excitement of those 
on the other side, in order to insure that it shall never happen that 
neither are excited ; for if that were to happen the piece of iron V 
would not be detained, but would allow the escapement wheel to 
move the pallets and the piece of iron V backwards and forwards 


e“i £2 


‘ — oe nS + = . 


~ @ 
o 


4. 


* 


tlie ape 
92 oe * 


2 Win * 


+. 
: 
j 


44 WHEATSTONE AND COOKE PATENT.” 


and turn around together with the hand; and at any time, if the 
apparatus i is going decidedly wrong, that fault will be shown by the 
hand to move round of itself. And as to sounding 
alarums, the clock-work for so doing is disposed in the same plates 
A A with the other clock-work, as is shown in figures 12 or 14, 
wherein 8 is the main-spring for the maintaining power of the 
alarum ; H, its bell; v, its serrated wheel, which moves the hammer 
y for ringing that bell. O is the head of a slider, which, pushed in, 
catches the hammer to stop it from ringing, but when drawn out al- 
lows the hammer to act and sound the alarum whenever the ordi- 
nary stop detent of the alarum is disengaged, which is done by a 
pin or by pins in one of the wheels j of the clock-work, wherefore, 
in order to sound the alarum after preparation has been made by 
drawing out the head O, then the handle 2 of the communicator K 
being turned all round to allow the escapement wheel to turn round, 
that motion must bring one of the pins of the wheel ; to the de- 
tent of the alarum, so as, by releasing that detent, to let off the 
alarum for sounding. But whenever that sounding is not desired 
the head O is pushed in. And note, if at any time the hand d gets 
wrong, so as not to correspond to the pointer s, the comniunicator 
K can be set right by turning it round in the backwards direction until 
the pointer s gets round opposite to the hand d, which will not move 
backwards. And as to the intermediate apparatus, figure 13, it is 
on the same construction as the two terminal apparatuses, figures 
11 and 12, except in having two of the small revolving circles 4 and 
A in place of one of such circles, and there is a spring 22y, 23y, to 
each of those circles. The telegraphic wires 22 and 23 take the 
course drawn and colored in sheet III., for connecting with the in- 
termediate apparatus, figure 13. The spring 22y connects by a 
short wire with the left hand end of the cvils around the right- 
handmost voltaic magnet, and the other spring 23y connects by a 
wire with the left hand of the coils around the left-handmost vol- 
taic magnet. The telegraphic wire 22, from the terminal apparatus, 
figure 11, joins by the wire 22n to the right-hand end of the coils 
around the right-handmost voltaic magnet, and the other telegraphic 
wire 23, from the other terminal apparatus, figure 11, is connected 
by a wire 23n with the metal of the revolving circle I, and the tele- 
graphic wire 22, from that other terminal apparatus, figure 12, con- 
nects by the branch 22/ to the other revolving circle 41; also, the 
telegraphic wire 23, from the terminal apparatus, figure 12, connects 
by a branch with the revolving circle 4; when thus connected the 
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intermediate apparatus, figure 13, is adapted to give signals by 
turning the handle g of its communicator K round, or, if that han- 
dle g is turned upwards, as in figure 13, and left standing there, the 
apparatus will be prepared for receiving signals in the same manner 
as either of the terminal appuratuses, figures 11 or 12, would do; 
but no battery is necessarily required for the intermediate appa- 
ratus, figure 13, the two batteries at the terminal apparatuses, 
figures 11 and 12, serving for the whole system shown in sheet III., 
or the same intermediate apparatus, figure 13, may also be used as 
a portable apparatus, to be connected with any part of the long line 
of the telegraphic wires 22, 23, where the means of connection have 
been provided, which, in the case of a road or a railway, may be at 
the mile posts. 40 represents the top of such a post. The wires 
22, 23, are conducted up into two holes therein, where the contin- 
uity of each of those wires when in ordinary use is dependent upon 
the contact of two pairs of springs, 50, 51, 60, 61, which, by clos- 
ing together, complete the metallic continuity of each of the two 
telegraphic wires 22 and 23; but whenever the portable apparatus, 
figure 13, is to be applied to the long telegraphic wires at such a 
mile post 40, its box or case is placed thereon in figure 13, and two 
wooden wedges, which project downward from that case, are in- 
serted into the said holes in the top of that post 40, so as to enter 
between the two pairs of springs, 50, 51, and 60, 61, in order to 
wedge in between and separate the two springs of each pair one 
from the other, and thereby break the metallic continuity of each 
of the long telegraphic wires. But the said wedge pieces have a 
pair of metal plates applied to each side of each wedge, with wires 
22/, 22n, 237, 23n, ascending up into the apparatus from each metal 
plate ; those plates having no metallic connection one with the 
other, but being in contact with the springs 50, 51, 60, 61, they, 
with their said ascending wires aforesaid, connect the parts of 
the apparatus with the long telegraphic wires in the manner as 
already described of figure 12, when considered as an inter- 
mediate apparatus. Figure 6, Sheet III., represents the escape- 
ment of the apparatus contained in that sheet on a large scale, to 
show how the pallets and the teeth of the escapement wheel 5 
should be sloped in order to qualify them for performing in the 
manner already explained, and Figure W shows how two pieces of 
soft iron, V V, may be fixed to the pallets themselves in order to be 
attracted alternately in contrary directions by voltaic magnets, W, 
W and W, W, disposed at opposite sides of those pallets. Figure 


‘‘ WHEATSTONE AND COOKE PATENT.” 227 


H shows a different kind of escapement, which may be used in the 
apparatus contained in Sheet III., if the same were to be con- 
structed ina simple manner without any spring barrel for main- 
taining power or train of wheel work to turn the escapement wheel 
6 round together with the hand; but the force for that purpose 
must be wholly derived from the attractive force of the occasional 
magnetism ; and the pallets are formed as represented, so that by 
being alternately moved one way and then the other, they will act 
on the teeth of the wheel 5 to turn it round. The piece or pieces 
of soft iron, which are to be operated upon by the said attractive 
force, may be applied either as represented in figure 12 or figure W. 
And for telegraphic communication between places which are too 
distant for an electric current to be transmitted all the way with 
sufficient vigor to be certain in its operation, a chain of such appa- 
ratuses as hereinbefore described must be established to communi- 
cate one to another through the whole distance, in which case what 
has been called the distant terminus of one apparatus will be situ- 
ated close by the commencing terminus of the next apparatus, and 
the signals there received from one apparatus must be sent forward 
by the next apparatus, and so on, all which requires no explana- 
tion, because it is well known in the usual system of telegraphic 
communication, and forms no part of our present invention. And 
the same may be said of the telegraphic language or system of sig- 
nals and their significations. Those systems which are well known 
and in use for other telegraphs may be used, or they may be modi- 
fied, but they form no part of our invention. 

Having now described our said improvements, I, the said Charles 
Wheatstone, for myself and for the said William Fothergill Cooke, 
do hereby declare that the new invention whereof the exclusive use 
is granted to us by the said letters patent of the twenty-first day 
of January, one thousand eight hundred and forty, consists in the 
following particulars: And note, whereas the particulars of im- 
provements which were claimed by me and William Fothergill 
Cooke in the former specification, by virtue of our patent of the 
twelfth day of June, one thousand eight hundred and thirty-seven, 
were therein enumerated as firstly,” “secondly,” and so in due 
order up to “ ninthly ;” and also whereas the several particulars of 
improvements claimed by the said William Fothergill Cooke in an- 
other specification, by virtue of letters patent granted to him on 
the eighteenth day of April, one thousand eight hundred and thirty- 
eight, were therein enumerated as Part A, Part B and so on in due 
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order up to Part F, I shall, in order to avoid confusion therewith, 
enumerate the several particulars of improvements which we, Charles 
Wheatstone and William Fothergill Cooke, now claim in the speci- 
fication by virtue of our said letters patent of the twenty-first of 
January, one thousand eight hundred and forty, under the heads or 
titles Part G, Part H, and so on as follows, and represented in 
figures 4 to 5, Sheet I., and figures 11, 12 and 13. 

Part G is the improvement, hereinbefore fully described, of em- 
ploying the attractive force of occasional or temporary magnetism 
which is excited in soft iron by means of electric currents trans- 
mitted through metallic circuits, for the purpose, by alternately ex- 
citing and ceasing to excite such magnetism, of producing, by inter- 
vention of suitable mechanism such as hereinbefore described (but 
the construction of which mechanism may be greatly varied), and 
such motion of a hand or other indicator for pointing to characters 
on a fixed dial as will qualify that hand or indicator for exhibiting 
those characters in a suitable manner for giving signals, or of pro- 
ducing such motion of a dial with characters thereon as will qualify 
that dial for exhibiting those characters in a suitable manner for 
giving signals, or employing the said attractive forces for the pur- 
pose of governing, directing and controlling, by the intervention of 
suitable mechanism, such as hereinbefore described (but the con- 
struction of which mechanism may be greatly varied), the motion, 
as aforesaid, such hand or other indicator, or of such dial, when the 
force or power requisite for producing that motion is derived from or 
is assisted by action of an independent maintaining power, so that 
the motion is only directed, governed, or controlled by the said 
attractive force of occasional or temporary magnetism, and that 
whether the aforesaid electric currents are excited by means of vol- 
taic batteries, or any kind of magneto-electric or other machine or 
apparatus capable of producing such currents. 

Part H. is the improvement, hereinbefore described, of the 
mechanism, which we have called a communicator, for alternately 
making and breaking any such metallic surface as is suitable for the 
transmission of electric currents in spiral convolutions around 
masses of soft iron, so as to excite occasional or temporary or vol- 
taic megnetism in such masses whenever the said circuit is made 
and cessation of that magnetism whenever the said circiut is broken, 
in order by such alternate making and breaking of the circuit in 
rapid succession (without necessity for pause) as many times in suc- 
cession as is required to obtain alternate excitement and cessation 
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of the said magnetism, for the purpose of producing (according to 
the preceding part G of our improvements) motion of hand or a 
dial, or else of regulating such motion as is stated in the said pre- 
ceding Part G. 

Part I is the improvement, hereinbefore described, and repre- 
sented at figure Sheet IV., of the drawings hereunto annexed, 
for sounding alarums in distant places by aid of machinery, which is 
kept in continual motion by any suitable maintaining power, that 
motion being kept regulated as to speed by any suitable kind of 
regulator, and which machinery at regular intervals, by raising a 
hammer or other like means, strikes with sufficient force for releas- 
ing the detaining detent of the wheel work through its alarum, pro- 
vided that the blow was struck on that detent, but which it is pre- 
vented by some suitable stop from doing, unless the end of a mag- 
netic needle is interposed between such detent and the hammer, so 
as to transmit the blow thereof to the detent and release the same 
in order to sound the alarum, such interposition of the end of that 
magnetic needle resulting from its angular motion caused by the 
transmission of an electric current through multiplying coils of con- 
ducting wire surrounding the space wherein such needle is con- 
tained ; or, in lieu of a magnetic needle to be moved with angular 
motion by an electric current for the purpose of so interposing a 
solid body between the hammer and the detent, as aforesaid, the 
requisite motion for interposing may be derived from the attractive 
force of occasional magnetism excited in a voltaic magnet, by an 
electric current, and acting on a piece of iron connected in any 
suitable manner with the solid body which is to be interposed by 
such occasional magnetism. 

Part J.is the improvement hereinbefore described, and repre- 
sented in figure 22, sheet II., where by the angular motions which 
may be given by electric currents to magnetic needles, which are 
movable in spaces surrounded by multiplying coils of wire, forming 
metallic circuits through which such electric currents are transmit- 
ted is caused to give motion by the intervention of suitable mechan- 
ism to a hand or dial for exhibiting characters in a suitable manner 
for given signals. 

Part K is the improvement hereinbefore described, and repre- 
sented in figures 18, 19 and 20, sheet IV., for employing the attrac- 
tive force of occasional or temporary magnetiom which will be 
excited in soft iron by transmission of electric currents through 
metallic circuits for the purpose, by action of such attractive force 
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on suitable mechanism, of sounding alarums, when such electric 
currents are produced by magneto-electric apparatus instead of by 
voltaic batteries. 
Part L is the improvement hereinbefore described and 

in figures 11, 12 and 13, sheet III., whereby the revolving apparatus 
which we call a communicator (as stated and claimed in Part H) is 
rendered concentric with the dial or hand whereby the characters 
are exhibited, the revolving motion of such concentric communica- 
tor being coincident with that of the hand or dial when exhibiting 
characters. 

Part M is the improvement hereinbefore described, and repre- 
sented in figures 11, 12 and 13, sheet III., whereby one of the long 
telegraphic wires being appropriated to the voltaic batteries by 
which electric currents are to be produced, and two other long tele- 
graphic wires being provided to transmit the current in one direc- 
tion (but the current divided between those two), the same battery 
is enabled to serve apparatuses at great distances asunder without 
necessity for employing a battery at each apparatus, and therefore 
a portable apparatus may be applied to any part of the length of 
the telegraphic wires, as shown by figure 12, without the inconve- 
nience of carrying a battery therewith. 

Part N is the improvement hereinbefore described, and repre- 
sented in figures 11, 12 and 13, sheet III., whereby the rest of ces- 
sation of motion in the hands or dials, by which characters are 
exhibited, is derived from the continued transmission of an electric 
current through the metallic circuit, which extends throughout the 
whole system of apparatuses; and also whereby momentary cessa- 
tions of such current through one or other of the two wires, both 
of which usually transmit the current in one direction (but the cur- 
rent divided between those two), such momentary cessations are 
made to produce, by intervention of suitable mechanism, motions 
of a hand or dial and other parts adequate for the purposes of ex- 
hibiting signals and sounding alarums. 

In witness whereof I, the said Charles Wheatstone, 
have hereunto set my hand and seal, this 
twenty-first day of July, one thousand eight- 
hundred and forty. 

CHARLES [L. s.] WHEATSTONE. 


“ WHEATSTONE AND COOKE PATENT.” 231 


And be it remembered, that on the twenty-first day of July, in 
the third year of the reign of her Majesty Queen Victoria, the said 
Charles Wheatstone came before our said Lady the Queen, in her 
Chancery, and acknowledged the instrument aforesaid, and all and 
every thing therein contained and specified in form above written. 
And also the instrument aforesaid was stamped according to the 
tenor of the statute made in the fifty-fifth year of the reign of His 

Inrolled the twenty-first day of July one thousand eight hundred 
and forty. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN AUTOMATIC CIRCUIT-BREAKERS FOR. ELECTRO 
HARMONIC TELEGRAPHS. 


Specification forming a part of Letters Patent No. 173,460, dated 
February 15, 1876. Application filed January 8, 1876. 


To all whom it may concern 


Be it known that I, ELmnA Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful improve- 
ment in automatic circuit-breakers for electro-harmonic telegiaphs, 
of which the following is a specification : 

My invention relates to electro-harmonic telegraphs of the class 
secured to me by Letters Patent of the United States, numbered re- 
spectively 176,095 and 166,096, granted July 27, 1875. Its object is 
to produce a simple and effective circuit-breaker, vibrating auto- 
matically with sufficient rapidity to produce a musical tone of a 
given pitch, the electrical impulses thus generated being transmitted 
through an electric circuit and reproduced at the other end of the 
line, as set forth in my patents above mentioned, to which end my 
improvement consists in combining with an organ or other wind- 
pipe, a diaphragm vibrated by sounding said pipe, and an electric 
circuit connected with said diaphragm so as to be opened and closed 
by its vibrations. 

In the accompanying drawings, which exemplify one of the best 
ways now known to me of carrying out the objects of my invention. 
Figure 1 represents a plan view of my improved apparatus; Fig. 2 
a side view, and Fig. 3 a longitudinal, vertical section there through 
on the line of Fig. | 

An organ-pipe, A, is shown as made with an opening a, in its 
side, over which a membranous diaphragm 3, is stretched. One wire 
of the circuit is connected with a binding post, C, from which a wire, 
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c, leads to a platina point, “, on the diaphragm underneath a set 
screw, D, mounted on a bar or frame, d, connected with a binding 
post, E, to which the other wire of the circuit is attached. 

When the column of air in the pipe is vibrated by sounding the pipe 
the diaphragm will vibrate correspondingly with the musical tone thus 
produced, and open and close the circuit accordingly, thus trans- 
mitting the vibrations to the receiving instrument for utilization, as 
mentioned in my patents before referred to. 

_ Obviously the vibrations of several pipes giving notes of differ- 
ent pitch may be simultaneously transmitted through a single wire 
by suitable mechanism. 

I claim : 

The combination, substantially as hereinbefore set forth, of an 
organ-pipe, a membranous diaphragm vibrated by sounding said 
pipe, and an electric circuit opened and closed by said vibrations. 

In testimony whereof, I have hereunto subscribed my 


Ann Gray. 


name. 
Witnesses : 

Enos M. Barron, 
Gzo. H. Bums. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN TRANSMITTERS FOR ELECTRO-HARMONIC TELE- 
GRAPHS. 


Specifications forming part of Letters Patent No. 165,728, dated 
July 20, 1875 ; application filed June 28, 1875. 


To all whom tt may concern : 


Be it known that I, EIn Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
Improvements in transmitters for Electro-Harmonic Telegraphs, of 
which the following is a specification : 

My invention relates to telegraphic apparatus of that class 
in which a circuit-breaking spring is automatically vibrated with 
sufficient rapidity to produce a musical tone. 

In such instruments as heretofore constructed, so far as my know]- 
edge extends, electro-magnets, by which the spring is attracted 
have always been placed on one side of the vibrating bar or electro- 
tome by which the musical note was produced. A tendency has 
consequently existed toward the disturbance of its vibrations. | 

The object of my invention is to remedy this defect; to which 
end my improvements consist in arranging upon opposite sides of 
the vibrating springs of the electrotome, electro-magnets of such 
relative power as to impart impulses of equal force upon each 
side of the vibrating spring alternately at equal intervals, thus secur- 
ing its isochronous vibration. My invention further consists in 
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combining, with the magnets and vibrating spring or reed, shunting 
wires so arranged as automatically to transfer the current from one 
magnet to the other without the use of a switch. 

In the accompanying drawings, which show so much of my im- 
proved apparatus as is necessary to illustrate the subject-matter 
herein claimed, Figure 1 is a plan or top view, and Fig. 2, a vertical 
transverse section there through, on the line z z, Fig. 1. 

The apparatus is mounted upon an ordinary base-board, A. A 
steel-bar spring or vibrating reed, B, tuned to give a musical tone of 
a given pitch when thrown into vibration is secured by one end toa 
post, C, while its free end extends between two pairs of magnets, D 
D’ E E, arranged transversely to the reeds in the plane of its vibra- 
tion, their poles being arranged just far enough apart to accommo- 
date this vibratory movement. F F d d' are binding screws to 
which the main and local battery wires are respectively connected. 
The magnets D D' are wound with a resistance of about sixteen 
ohms or units of resistance, while magnets E E have only a resist- 
ance of about four ohms. 

It is a well-known fact that when two magnets of different resist- 
ances, other things being equal, are placed in the same circuit and a 
battery-current sent through them, the magnet having the higher 
resistance develops the stronger magnetism, which magnetism is 
stronger in proportion as the resistance is higher than that of the 
other magnet. In other words, if the magnet E E, when alone in 
the circuit, have a power, say, of four, their effect will be diminished 
to a power of one when magnets D Dare let in, and the power of 
the letter will rise from zero to five. 

The reed B is provided with spring contact-points 5 &, arranged 
one on each side thereof, intermediate between the magnets and its 
supporting post. When the reed is at rest these points are in con- 
tact with adjusting screws i i, of binding posts I IT. Fig. 1 shows 
the battery connections. The mainline M L extends from the bind- 
ing screw G through the wrie 1 to the reed supporting post C; thence 
through the reed and its contact point 5’ to the binding screw I; 
thence to the binding screw G'. The local circuit passes from the 
battery through the binding post F by the wire L to the magnets D 
D'; thence by the wire Li through the reed supporting post C, and 
the wire L* to the magnets EE; thence by the wire L? to the bind- 
ing F’. In addition to this a shunt wire S passes from the binding 
post F to the post I, through the contact point 5 to the reed and its 
supporting post C, where it connects with the local circuit LL“. 


The operation of the apparatus is as follows : 
When the local circuit is established the current does not pass 
through the magnets D D' by the wire L, as it finds an easier pas- 
sage through the shunt wire S and contact point 5, vibrating reed B, 
posts C, and wire L, to the magnets E E; thence by the wire Li, 
to the other pole of the local battery. The passage of this current 
develops in the latter magnet the power, say, of four, which is ex- 
erted upon the vibrating reed B. and draws it toward the poles of 
the magnet. When the reed is moved a short distance in obedience 
to this impulse, its movement causes the contact point 5 to separate 
from the binding screw i, when, of course, the current will no longer 
flow through the shunt wire S, but passes from the post F through 
the wire L directly to the magnets D D’, and from thence through 
the wires Li Lo, to the magnets E E; thence through the wire La 
to the post F, which connects with the other pole of the local bat- 

. This raises the power of the magnets D D' from zero to a 
power of five, while the other magnets drop fom four to one. The 
result is, that the reed vibrates back towards the magnets D D’ with 
the same force that it did toward the other magnets—that is, 
a power of four each way. When the points ö i come in contact 
again the magnets D D’ are cut out of the circuit by the establish- 
ment of the current through the shunt wire B, and their power drops 
to zero, and the operation above described is repeated. This alter- 
nate opening and closing of the circuit takes place with a frequency 
equal to the rate per second sufficient to produce the fundamental 
tone of the vibrating reed. The main line current is interrupted at 
every vibration of the reed by the separation of the contact points 
3 , consequently a series of impulses corresponding in number with 
the said vibrations, will be transmitted to a suitable receiver and re- 
produced in a tone of corresponding pitch to that of the vibrating 
reed, as fully explained in sundry applications for Letters Patent of 


the United States, for apparatus for transmitting musical impres- . 


sions or sounds telegraphically, heretofore filed by me. 

The advantages of my improvement are, that the impulses im- 
parted to the vibrating reed being alike on both sides, its centre of 
vibration coincides with the axis of the reed when at rest. The 
isochronous vibration of the reed is thus preserved in its integrity, 
and, consequently, that of the electric waves or impulses generated 
by it, which are transmitied through the main line, which impulses 
determine those of the receiver, and the vibrating reed is prevented 
from being thrown out of tune with the receiver of variations in the 
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battery power, which variations are liable to occur in the ordinary 
method. 

I claim— 

1. The combination, substantially as hereinbefore set forth, of 
the vibrating electrotome and magnets arranged on opposite sides 
thereof, of such relative capacity as to impart impulses of equal 
force at intervals upon each side of the vibrating electrotome alter- 
nately, whereby its isochronous vibration is secured. 

2. The combination, substantially as hereinbefore set forth, of 
the vibrating reed, its counter-poise magnets, a local circuit, and the 
shunt wire, whereby the current is automatically changed to each 
set of magnets. 

In testimony whereof, I have hereunto subscribed my name. 

Emm Gray. 
Witnesses : 
WI. J. Perron, 
E. C. Damon. 
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UNITED STATES PATENT OFFICE. 


ROBERT M. LOCKWOOD AND SAMUEL H. BARTLETT, OF NEW YORE, N. 


Y. ASSIGNORS OF ONE-HALF OF THEIR RIGHT TO CHARLES F. 
LIVERMORE, OF THE SAME PLACE. 


TRANSMITTER FOR TELEPHONES. 


Specification forming part of Letters Patent No. 228,824, dated 
June 15th, 1880. Application filed March 9, 1880 (No model). 


To all whom it may concern : 


5 


10 


15 


Be it known that we, Robert M. Lockwood and Samuel H. 
Bartlett, both of the City, County and State of New York, 
have invented certain new and useful improvements in trans- 
mitters for telephones or Vocal Telegraphs, of which the fol- 
lowing is a full, clear and exact description, reference being had 
to the accompanying drawing, which represents our im- 
proved transmitter in section. 

In the telephones as heretofore constructed the transmitting 
instrument, or that which received the sound waves and trans- 
mits them to the electrically-charged conductors, has been 
organized upon the theory of mechanical vibration due to the 
action of the sound waves, and from this has arisen the device 
of a thin flexible metallic diaphragm, the vibrations of which 
were transmitted by the electric current tothe receiver; and 
all telephones in what may be termed successful operation in 
one form or another, so far as we are acquainted with them, 
employ this so-called mechanical vibration.” We propose to 
dispense with this mechanical vibration, and as a substi- 
tute therefor we employ what we term molecular ” disturbance 
or vibration, the construction of our apparatus being such as to 
prevent, as far as practicable, anything in the nature of me- 
chanical vibration. This feature was partially developed in an 
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application for letters patent filed by us Nov. 3, 1879, but in 
that the carbon plates, while supported by the non-resonant ma- 
terial, were left uncovered at their inner adjacent ends, and 
sound chambers were formed in the non-resonant block on op- 
posite sides, thereof, one of which communicated with the ex- 
ternal atmosphere, rendering the plates and the connecting 
button liable to be more or less affected or mechanically 
disturbed by the direct action of the sound waves. In the 
present instance we embed the carbon or conducting plates 
solidly throughout their entire length in and cover or surround 
said plates and the button with the non-resonant material, 
as hereinafter explained. 

In the accompanying drawing, A represents a base plate of 
wood, upon which is secured a block or cylinder, B, of cork or 
other suitable non-resonant material. Near the upper end 
of this block two bars or plates of carton, 5d, or other suitable 
conductors of electricity, are secured by being solidly embedded 
in the cork, as shown. These bars are arranged transverse- 
ly of the block, extending from near its centre to or nearly to 
its outer face, on opposite sides as shown. Between the inner 
adjacent ends of these bars is placed a headed pin of carbon or 
other suitable conducting material similar to that of which 
the bars are composed, the head of said pin constituting what 
we term a “ button,” which connects the two plates and rests 
upon the adjacent ends of the bars by its own gravity. A cavity 
is formed in the block B directly over this button, to give 
access to it for removing or replacing it, and this cavity, when 
the button is in place, is closed by a plug B’, of similar mater- 
ial to that of which the body of the block is formed, and 
which rests in close proximity with and prevents accidental 
displacement of the button. The block B thus formed, with 
the carbon bars embedded within it,is by preference fitted 
snugly in a metal cylinder D, the open end of which rests 
against the base plate A, the other end being covered by a 
metal cup or cover D’, screwed upon or otherwise firmly se- 
cured thereto, and the metal case is in turn covered with leath- 
er, rubber, canton-flannel, or other soft non-resonant ma- 
terial, as shown but the metal cylinder and its covering may be 
dispensed with. 

Wires e e, are connected with the carbon plates 5 3, one to 
each, and extend thence out through the body B of the block 
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in any convenient direction, and are connected at their outer 


ends to screw posts FF on the base plate A. The main-line 
wires connected with the battery are also connected with 
these screw posts in the same manner as in an ordinary tele- 
graph instrument, and as will be seen, the wires e e, carbon 
plates 5 ö, and button 52 serve to connect said main line wires 
and thereby complete the circuit. 

The sound waves in speaking, &., are received upon the 
face or sides of the block of non-resonant material, or upon its 
covering described, and are communicated through said block 
and the carbon plates to the button 32 and through what we 
term a “ molecular disturbance” the action or disturbance of 
the latter is communicated through the plates to the elec- 
trically charged wires e e, which complete the battery circuit, 
and thence over the main line wires to the point connected 
therewith. We thus make use of the direct current from the 
battery in the transmission of the sound-waves, and are 
thus enabled to transmit them like distances and with the same 
precision as an ordinary telegraphic message is transmitted 

As will be seen, our construction of the transmitter is 
such as is calculated to, and we believe it does as far as practi- 
cable, obviate all so called mechanical vibration of the parts, 
for the carbon or conducting bars or plates being solidly 
cushioned or embedded in some firm non-resonant substance, 
(such as cork) the disturbance caused must be other than me- 
chanical and constitutes what we call “molecular” disturb- 
ance. 

The means for repeating or transmitting the vocal sounds 
over long lines or a series of circuits and for receiving the same 
are embraced in other applications filed herewith, and need not 
therefore be here described. 

Having now described our invention, we claim— 

1. In a transmitter for telephones or vocal sound telegraphs, 
a block of non-resonant substance provided with strips or plates 
of carbon or other conducting material embedded in it, for 

2. The block of non-resonant material having conductors 
embedded within it, and wires extending therefrom for connect- 
ing with the main line current, substantially as described. 

3. The non-resonant block in which the carbon plates are 
embedded, in combination with the enclosing metallic case 


or cylinder, substantially as described. 
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4. The combination of the non-resonant block B, enclosing 
metal case D, and flexible cover thereto, substantially as de- 
scribed. 


Rosr. M. Lockwoop, 
Sanum. H. Barrett. 
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UNITED STATES PATENT OFFICE. 
ROBERT M. LOCKWOOD AND SAMUEL H. BARTLETT, OF NEW TORK. 
N. Y., ASSIGNORS OF ONE-HALF OF THEIR RIGHT TO CHARLES F. 
LIVERMORE, OF SAME PLACE. 


TELEPHONE RECEIVER. 


Specification forming part of Letters Patent No. 228,825, dated 
June 15th, 1880. Application filed April 30, 1880. (No model.) 


To all whom it may concern: 
Be it known that we, Robert M. Lockwood and Samuel H. 
5 Bartlett, of the City, County and State of New York, have 
invented a new and useful Improvement in Telephone Re- 
ceivers, of which the following is a full, clear, and exact descrip- 
tion, reference being had to the accompanying drawings, mak- 
ing part of this specification, in which— : 

Figure 1 represents our improved telephone or vocal sound 
telegraph receiver. Fig. 2 is a similar view, showing a modi- 
fication in the manner of connecting the diaphragm with the 
magnet. Fig. 3 Gis: end view of the construction shown in 
Fig. 2, with the ear piece and diaphragm removed and Figs. 4 
and 5 are prospective views of the end of the magnet, having 
one the spring arm and the other the spring arm and diaphragm 

applied. 

Similar letters of reference denote corresponding parts 
whenever used. 

Our invention relates to a novel construction of the end of 
the magnet to which the diaphragm is connected, whereby 
through disturbance or variations of magnetic power between 
parts of the same pole of the magnet, vocal sounds are trans- 
mitted to the diaphragm or sounding board ; and it consists in 
extending the pole in the form of a flat U-shaped spring, the 
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outer free end of which overhanging the end of the magnet of 

which it is an extension is expanded into or has the diaphragm 

connected with it, as hereinafter explained. 

35 In the accompanying drawings, A represents the body or 
handle of the receiver, made of wood or other suitable mate- 
rial, cylindrical in form, and enlarged at one end, A’, to accom- 
date the diaphragm B and ear-piece C secured thereto. 

40 The body or handle A is perforated longitudinally to receive 
the magnet D, the perforation in the enlarged end A’ being 
enlarged into a socket for a, the reception of a spool or helix, 
E, surrounding the end D’ of the magnet as shown. The mag- 
net at the end D’ is drawn out, reduced in size, and bent at a 
right angle to the body D of the magnet, or nearly so, extends 
to one side thereof in the form of a flat spring, d, recurved 

| upon itself in U form until the outer arm or end, &, overhangs 

N the end D’ of the body of the magnet, as shown. 

50 Where the end d is expanded to form the diaphragm B, as 
shown, the spring portion passes out through an opening in 
the head A’, and is there recurved so as to bring the diaphragm 
over the end thereof, where it is held in place by the ear-piece 
C, which is secured to said head or end by screws or other suit- 
able fastening devices ; but as good practical results have been 
obtained by making the diaphragm ef different materials from 
the magnet, such as wood, paper, parchment, brass, &c., consti- 
tuting a sounding-board, the end & of the spring arm may ter- 
minate at a point overhanging the end D’ of the body of the 

60 magnet, and the diaphragm or sounding-board may be bolted 
or otherwise firmly fastened to it, as shown in Fig. 2. Where 
the latter form of construction is employed the magnet should 
be made adjustable longitudinally by means of a thumb-screw 
or equivalent device, as shown, for adjusting the tension of the 

65 disk or sounding-board B as may be necessary to give it the 
utmost efficiency. 

Under the arrangement described it will be seen that the 
spring arm d d forms an extension of the pole D’ of the mag- 

70 net, reduced in size, and its normal condition will be one of 

rest in relation thereto. Thus calling the current in the helix 

E one, the amount of magnetism in the magnet D at D will be 

one and that in the arm d one, and the latter will be at rest. 

The body of the magnet lies within the helix, and is more easily 

and quickly effected by it, and constitutes, as it were, a reser- 
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voir from which the smaller arm d d is supplied. Now, sup- 

ing the current in the helix to be suddenly increased to two, 
the end D’ becomes two in advance of the end d', and for the 
instant attracts the latter until it becomes also two, when it 
again instantly repels it; then its normal condition as a part 
of the same pole is restored, and it returns to its position of 
rest, until again attracted or repelled through another disturb- 
ance of the current in the helix. Thus for each disturbance in 
the current there will be three distinct movements of the arm 
d or diaphragm B connected therewith. First, it will be drawn 
down or toward the end D, then it will be repelled beyond its 
normal position, and finally, the equilibrium being restored, it 
moves back to rest. Thus it will be seen that the diaphragm 
is operated by differences or disturbances of degree of polarity 
or attraction and repulsion in the same pole. 

In Fig. 4 the magnet is shown made up of a number of 
strips, an extension of one of which forms the spring arm. 
This form obviates the necessity of drawing out the body of 
the magnet and facilitates its construction. 

100 We are aware that the pole or poles of a horseshoe magnet 
have been expanded to form a disk or diaphragm ; but in such 
cases, 80 far as we are advised, the diaphragm has been brought 
into such relation to the opposite pole of the magnet as to be 

105 acted upon and controlled or held under restraint by said pole 
by intercharge of polarity. This we do not claim; but, 

Having now described our invention, we claim— 

1. The pole of the magnet extended in the form of a later- 
ally-projecting recurved arm and connected with the diaphragm 
or sounding-board substantially as described. 

2. The curved spring and diaphragm, made in one piece 
—— — 
stantially as described. 

3. The diaphragm connected with the an. through the 
spring-extension of one pole of the latter and arranged with 
relation to said pole substantially as shown and described. 


In testimony whereof, we have hereunto set our hands 
this 29th day of April, A. D. 1880. 
Rosert M. Locxwoon. 
Samut. H. Bartierr. 


